Remote Interactive Walkthrough of City Models Using Procedural Geometry by Marvie, Jean-Eudes et al.
Remote Interactive Walkthrough of City Models Using
Procedural Geometry
Jean-Eudes Marvie, Julien Perret, Kadi Bouatouch
To cite this version:
Jean-Eudes Marvie, Julien Perret, Kadi Bouatouch. Remote Interactive Walkthrough of City
Models Using Procedural Geometry. [Research Report] RR-4885, INRIA. 2003. <inria-
00071698>
HAL Id: inria-00071698
https://hal.inria.fr/inria-00071698
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
IS
SN
 0
24
9-
63
99
 
 
 
 
 
 
 
IS
RN
 IN
RI
A/
RR
--4
88
5-
-F
R+
EN
G
ap por t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Remote Interactive Walkthrough of City Models
Using Procedural Geometry
Jean-Eudes Marvie, Julien Perret, Kadi Bouatouch
N˚4885
July 2003
THÈME 3
 	
		 ﬀﬁﬂﬃ	 "!ﬃ#$&%'(*),+-/."0ﬀ214312!
567/80." 	ﬀ:9;0<=	)
>@?BA@CD2EGF7H	?BI"JKA@LNM=OP?@Q>@F7RPOS?BCUTV?BLNLW?YXBQZ[A*H7O0\ﬂ]F7A*X^]F	_a`
bcedgfihjkmlonBpqhNrtsYuptvxwYnycewYfﬂfihgzSf/s{u(c|vxnehY}
v~f/sYhNN}ew{neneNhNN}eu2wYnen|svtqs{n|u2hW
rqw{h2pVŁl8Ł
se@w{rqphGrthNu(cehNrtu(ceh'nB{Y[kmYe~"{{{jGkjY|s{{hW
y 	¡N¢g£a¤e¥{¢{¦
bc|v~rqhN*wYr§pﬂerthNqhgnBptsnehg¨©n|s^ªvxBsapqv~w{n«qpthgf­¬eev~®pie@w{n¯wYerugxv~hgnBpqz°qhgrtª{hNr
±
r(sfihN¨8wYrq²:n|sfihW´³[µg¶B·2¸¹¸~µaº|»½¼¾vxpqc&pqcev¿§§pqhgfÀwYnehÁugsn&n|s^ªvxBsapthÂpqc|rqwYe{cÃs:u2vxp¾fiwhg
rthg|rqhW§hNnYpthNi¨0vxpqcerqwughNer(s@fiwhgptrts{n|qfﬂvxp§pthNÄpqwugxv~hgnBp(8waªYhgr<snehgp¨8wYrq²»7bcehYhgwYfﬂhgpqrtw
±
ptcehNqhifiwehgv{hNnehgr(sapthNwYn[ptcehﬂÅ|[s{n|[v~nÆrqhWspqv~fﬂhÄspptcehÄu2~v~hgnBpqvh{»ibcehNqhﬂerqwughNer(s
fiwhN~8srthVhNtu2rtv~¬*hWi|§v~nes{n/hgnec*sn|ughN/sn*/w{@hgn/ªYhgr(§v~w{niw
±
ptcehVÇÈz°qpthgfÉ~s{ne{|s{{h0¨<hc|s^ªYh
ehgª{hNxwY*hWÊ»/bceh/n|s^ªv~YsaptvxwYn[q§pqhNfËrthg~vxhWÌw{n«vxÍ@hNrqhNnYpG²v~n|eGw
±
erthgertwu2hWqqvxn|"q|u(cÁs{Gq|s{ugh
qe¬v~ªBvqvxwYnÈ}{ªv§v~¬ev~xvxpu2wYfieptspqv~w{n/s{7¨<hg~|sYÎsfﬂhgpqcew
±
w{r8u2w{fieepqv~neG§wYfﬂh0*sr(sfih2pthgr(*§hW
ptwh2ÏÄu2v~hgnBptxÆ§hNxhWupGpqc|hyse|rqwYerqvsapth~hgªYhgw
±
eh2pts{vxw
±
w{¬hWuptN»bc|hip¨8w¿s{§perqhNertwughNt§v~neB
s{rqh¿sepqw{f/spqvugs~~¯*hNr
±
wYrqfihWÐ¬«ptceh{r(sec|v~uNﬂuNsr(Ðugw{nenehWupthNÑpqwÆpqc|h|§hWÑugw{fiepthgrW»¾¼Òh
s{~qwÐqcewa¨;cewa¨ÓptwÑ¬e|vxÃs{n|Uu2wYfierqhWqÄpqceh«vxÍhgrthgnBpyÔ|~hN"|qhN¾pqw:rqhNerqhW§hNnBpÄpqcehÁespts¬*s{qh
Õ
u2wYrqrthNq*wYn|v~neÒpqw¯sÁu2vxpÐfiwhg¹Öﬂw{n*u2h¿pqc|v~/|rqhNerqwughNt§v~neÆc|s{i¬@hghNn:hgÍ@hWupthNÊ»ÃÂh2pqc|w|
±
w{r
|rqh
±
h2ptu(c|vxne*}|snBptv~ugvx|spqv~neÄsn*"uNs{u(cev~neÄ|rqv~ne/rthgfiwpthÌn*s^ªBv~Yspqv~w{n¿srths§wierthNqhgnBpthNÊ»<×v~n|s{x~{}
¨<hyqcewa¨Écewa¨ÉpqceherqwughNer(sÎfiwhN~N}	pqceh"§|sYu2hyqe¬v~ªBvqvxwYn¯sn|Æptcehyªv§v~¬ev~xvxpÒv~n
±
wYrqf/saptvxwYn
|saptsis{rqhÌhgn|ugwhN"v~nYptwiØÂÇÙBÚÔ|~hNN»
ÛÜBÝÞtßà
£aá	¡{¦
¼Ás~²Yptcertw{eYcÈ}â8vxp{}ãhgp¨8wYrq²}ŁBpqrthNs{fﬂv~ne*}YÇÊzoq§pqhNf¿}BÇ=hgª{hNä
±=å
h2p(sv~~N}ØVv§v~¬ev~®z
vxp{}e×|rts{fihg¨<w{rt²@}Âs{{hNxsn
æçÊèqé°êNëè0ì	í~é°îSï2ð
Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : 02 99 84 71 00 - International : +33 2 99 84 71 00
Télécopie : 02 99 84 71 71 - International : +33 2 99 84 71 71
3Ó2ﬀg21=	2 . 9



=72­56	/

. 7ﬀ2Ò ﬀg Vig!2

@7 .""14.01 +-/.0ﬀ2014."	;2ﬀgﬀ2
21È1
 ¡  ¦
å
sn|Vu2hGr(se@w{rqp0new{|erqW§hNnBpqw{n*en¿new{eªYhNs{"qptdgfihhGn|s^ªv~YsaptvxwYn¬*s{qqer
n|wpqrthy|~spqh2z
±
w{rtfihh¿Nª{hg~w{|*hNfﬂhNnBp³[µg¶B·g¸¹¸xµaº*» â8h¿§§pqdgfih"*hNrqfihgpﬂs[n*s^ªBv~Yspqv~w{n¯s{Ñqhgv~n
ehÄfiwedg~hNﬂhÄªvx~~hNrqhNerqW§hNnBpqN[ svhyehÄfiwedg~hNerqwugNer(s}pqr(sn*
±
NrqWÂhWu2~v~hgnBpt
ªvs¿en¯rtNqhNs{Æ¬*s{N¬evxpN»[Çs¿{gwYfi2pqrtv~hÄhyu2hWfiwdg~hNhN§p{NnegrtghÂ~sªYw{~gh/hgphgn«pthgfi|
rtghN<qeris[f/s{u(c|vxneh¿u2~v~hgnBpqhY»:â8hNﬂfiwdg~hNﬂertwu2Neerts{ﬀ«§wYnYp/Wu2rtv®p(ﬁÒﬂ s{v~h¿ﬃ eneh¿ª{hNrtqv~w{n
gpqhNn|ehÄsneY|sYhVÇÊzoq§pqhNf Y|hVnewY|8s^ªYw{n|8gªYhg~w{e@NN»7ÇÈh§§pqdgfihÌhVn|s^ªv~Yspqv~w{n/rthg@wYqh
qer"v®ÍgrthgnBp(Äp@hN"h[ert2zougs{~ugeipqhN~Beh[sÐqe¬vxªv§v~w{n&§|spqvs~h{}0~hÒuNsu2eh[ªv§v~¬ev~xvxpq
s{vxn*§v!Y|hÄxhyerqgz°uNsu2e8ﬃ |nehÄfi2ptrqv"Behy@w{er~sÂqg~hNu2pqv~w{n¯hWnev~ª{hWsﬀÁhe2pts{vxN»Ââ8hWhNﬀ
ehgrtnevxhNripqr(svxpqhNfﬂhNnBptÄqw{nBp/h2ÍhNu2pqeWÁ svhÂhf/spqgrtv~hgVﬃ s{uNu2NxNrtspqv~w{nÑj
å
»8ãw{*/fiw{nBpqrtw{n|
s{|t§v0u2wYfifﬂhNnBpyu2w{n*ptrqev~rthhgpyu2w{fierthNtqhgrﬂxhW/v®ÍgrthgnBp(iÔ*u(cev~hgr(ﬂpqv~xvqN/@w{er/rthg|rqW§hNnYpthgrﬂ~s
¬*s{qhhVwYneneghu2w{rtrthNq*wYn|esnBp#Gen/fiwdNxhÌhªvx~~hen
±
w{v~hNert2zSpqr(svxpqhgfihNnYp(Îh2ÍhNu2pqeWg»
å
hN
figpqcewhWhÄ|rqgz°u(c|s{rqYhgfihgnBpW}=ﬃ snBpqvu2v~|saptvxwYnÁh2phy{hN§pqv~w{n«hugs{u(c|h/*hNn|esnBpsn|s^ªv~Yspqv~w{n
ev~§pts{nYpthÌqw{nBps|t§v@ertNqhgnBpqNhNN»Î×v~n|s{x~hgfihgnBpW}Bn|w{|<h$e~v"Y|w{n|<u2wYfﬂfihNnYp~hNw{n|neghW<sYqqwu2v~ghW
s{ﬀifﬂwhN~8ertwu2Neerts{ﬀÊ}%Gsqe¬v~ªBvqvxwYnÄ§|spqvs~hh2p&GsGrthgsapqv~w{nÄehVªv~qv~¬evx~vxpqqw{nBp<hgn|ugweghN
|sn|new{pqrthh$pqhNn|§v~w{n¿
±
w{rtf/sap0ØVÂÇ=ÙÚ»
' à
¢W¡
Þ
¥)(

¦
ãs^ªvxBsapqv~w{n=}aØVv~x~h{}B0NqhNs{È}BŁBptrqhWsfiv~ne|}{ÇÈz°qpthgf¿}{ãVvxªYhNsh
å
2pts{vxN}{ØVvqvx¬ev~~v®pt{}
~spqh2z
±
w{rtfih{}eÂs{{hNxsn
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! j
×v~{|rqh32405<v~rt  hN{hªvxhN¨Ãw
±
si{hNnehgr(sapthNyugv®pyfﬂwhNP»
6

@=7/." 2#".  ½0ﬀ20.87'G	ﬁ
br(sn|qfiv~t§v~w{n¿sn*¿rqhWsxzPptvxfihGªv~q|s{xv:9Nspqv~w{n"w
±
f/s{t§v~ª{hj
å
fiwhgsrthu2wYn|§pqr(sv~nehN"¬yptcehnehgp§z
¨<w{rt²V¬*sn|¨0vptcÁs{n|[pqcehi{r(s|cev~uNÌc|sr(¨srth@hgr
±
w{rtfis{n|u2hWg»ﬂbcehNqhiu2w{n*ptrts{vxnBptÌc|s^ªYh~hN[pqw
p¨<wyrthNqhNs{rtu(cÒvxrthNu2pqv~w{n|Vpqc*sapsrth|rqwY{rthNt§v~ª{hj
å
fﬂwhN~ptrts{n|§fivqqv~w{nÂwaªYhgrÌlonYpthgrtneh2pw{r~wugs
s{rqhWsn|h2p¨<w{rt²Äsn|rqhWsxzPptvxfihrthgn|hNrqv~neﬂw
±
f/s{t§v~ª{hj
å
fiwhN~N»
¼¾vxpqc¿rthgYs{rtﬂptw|rqwY{rthNt§v~ª{hVj
å
fﬂwhN~8ptrts{n|§fivqqv~w{nÈ}eŁu(cef/s{~§pqv~hgﬂsn|<;Ìhgrtª^s{p9+= Ù?>=qez
YhN§pVptceh|qhﬂw
±
{hNw{fih2ptrqvuG~hgªYhgVw
±
h2p(sv~
Õ
Ç	ä
å
tÖ2»lon[pqcehNvxrÌfih2ptcewÊ}Ès{§ww{nÒs{w{nehﬂÇ	ä
å
v~
qhg~hNu2pqhWs{ugugw{r(v~neﬂpqwÄvxptÌvp(sn|ugh
±
rqwYf ptcehªv~hg¨0@w{v~nYpW}eptcehÔ|n|hgrÇ7ä
å
verth
±
hgptu(cehW¿waª{hNr0pqceh
n|h2p¨<w{rt²@»ﬂlonÆpqcehÄtsfih/qevxrtvxpN}	Łeu(cenehgvhNrsn|ÁÂs{r§ptvxn@= j	21>8hNª{hNxwY*hWÒs{nÆsYesptvxªYh
±
rts{fﬂhN¨8wYrq²
ptc|sapÎqhg~hNup(pqcehÇ	ä
å
w
±
j
å
w{¬ehNup(ÈptwVptrts{n|qfﬂvxp7¬|s{qhNw{nGptceh0s^ª^s{vxs¬|xh8¬|sn|e¨0v~ptcÈ}aptceh<ugxv~hgnBp  
ugw{fiep(saptvxwYn|sÊ@wa¨8hNrVsn*vxpt{r(secevug0uNs|s{¬ev~xvxpqv~hNN»8bhg~hgrVs{n|ÇÈvtu(cevxn*§²vA= jYﬀ>7s§w/u2wY*hG¨0vxpqc
ptceh/qs{fihertw{¬|xhNf;¬BhNfiexwav~ne¿sugxv~hgnBp§zoqhgrtª{hgrs|erqwBs{u(c¿ptwptrts{n|qfﬂvxpw{ne~Â|s{r§p(w
±
s~s{rqYh
fiwhNpqwÌpqceh0ugxv~hgnBpsaps{ns|erqwYertv~spqhÇ	ä
å
}hg@hgn|evxnewYnptcehªBv~hg¨0@w{v~nBp 7*wB§vxpqv~w{nisn*v~rthNuz
ptvxwYnÈ}pqc|hs^ª^s{vxs¬|xhpqr(sn|qfiv~tqvxwYny¬|s{n|¨0vpqc¿sn|ypqc|hGh$*hWupthN"vxfiertwaª{hNfihgnBp<v~n"vxf/sYhY*s~v®p
ptc|sap7v	sYu(cev~hgª{hW¬pqr(sn|qfiv®pqpqv~nes{nw{¬ehNupW»(BVw{e@hC=:2-D>f/s{²{hN|qh8w
±
s|rqwY{rthNt§v~ª{hÎfihNqc
Õ
[Ö
|sapts"§pqrt|upterqhis~~wa¨0vxne¿qfﬂww{pqcÂptrts{n|qv®ptvxwYn|Ì¬*hgp¨8hNhgnÁ§|uNu2hWqqvxªYhÇ7ä
å
¬Âs{|vxn|¿sªasrtv~s{¬e~h
nef¬*hNrGw
±
nehg¨Éª{hNr§ptv~ughNÌptwptcehÄu2|rqrthgnBpGªv~q|s~v:9ghNÒfiwhgS»ybcevGfih2ptcewÆs^ªYw{veesap(s"rqhWenz
|sn|ugﬂ¬@h2p¨<hghNnvxÍhgrthgnBp<~hgªYhgg»ÎwYrqhNwaª{hNrN}BVw{e@hGs{t§hNr§p(Îptc|sap<pqcev0espts§pqrt|u2pqerthVvs{es{pqhW
E(EGFAHIJ1J1K
  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
ptws|rqwY{rthNt§v~ª{hGptrts{n|qfﬂvt§v~w{nÒw
±
ptcehi{hNw{fih2ptrqwaªYhgrÌpqcehinehgp¨8wYrq²»lon@= D>0|qvxne²v~hg¨0vu9/sn*
Ç=hgªYwaÁqcewa¨cewa¨4pqw«v~n|ugw{rt*wYrtspqhyªv~hg¨zohg@hgn*hgnBp/ertw{{rthNtqvxªYhÄpqr(sn*§fivqqvxwYn¯v~nÑptcehgv~rŁesap
= {?>qpthgf¿»Vne~vx²YhÇ	ä
å
s{n|iËfﬂhgpqceweN}Łesaprthg~vxhWwYn/*wYvxnBp§z°¬|sY§hW/qs{fﬂ|xv~ne|»Łesap
vsÂfexpqvxzSrthNqw{~ptvxwYnÆrthg|rqhW§hNnYp(saptvxwYnÒ¬|sY§hWÁw{n¯s¿cev~hgr(sr(u(cÂw
±
¬@w{en*vxn|ÒqecehgrthNGpqc|sps~xwa¨
ptwyrthgn|ehgrÌ~s{rqYhj
å
fiwhgVv~nBpqhNrtsYupqv~ª{hNxY»Ìbc|hv~nYpthgrthN§pv~nÒs{x	pqc|hNqhfih2ptceweÌv~Vpqc|spÌ~hgªYhgVw
±
eh2pts{vxsrthVs{~qw|qhNiptwsYugu2hNxhNrtspqh0ptcehVrthgn*hgrtvxn|ertwughNtg»7bwrthN|ughptcehs{fﬂwYenBp8w
±
esap(sGpqw¬*h
ptrts{n|qfﬂvxp§pthNwaª{hNrpqc|hGneh2p¨<w{rt²}Łu(c|fis{~§pqv~hgisn* ;Ìhgrtªasp 93= jY?>Èertw{@wYqhpqc|hÌ*§hw
±
erqwughNer(s
fiwhN~N»0lonpqc|v~ugs{qh{}|pqcehfiwehg{hNw{fih2ptrqv~rthNu2wYn|§pqrt|upthN"w{n¿ptcehugxv~hgnBpqv~ehsn|pqceh|sapts
ptrts{n|qfﬂvxp§pthNwaª{hNr8ptcehGnehgp¨8wYrq²Äs{rqhertwu2hNeerts{fﬂwhNÈ|s{rts{fﬂhgpqhNrtN»

±
w{rÎrthNs{pqv~fﬂhVrqhNn|hgrtv~new
±
f/sYqqvxªYh<j
å
fiwhgÎw{nisGqvxneYxh0ugw{fiepthgrW}{w{n|huNsnÔ|n|if/sn
qw{~ptvxwYn|vxnÁptcehÄ~v®pthgr(sapterqhY»ybcehÄfiwBpugw{fifiw{ne~[|qhNÁqw{~pqv~w{n«ugw{n|qv~§ptv~n¯qe¬@evxªvvxn|pqceh
tu2hNnehGv~nYptwÄu2hNxsn*u2w{fieepqv~neÄsi*w{pqhNnYptv~s{x~yªv§v~¬e~h§hgp
Õ
ØÌŁeÖw
±
w{¬hWupt
±
w{rhWs{u(c¿ªvxhN¨Kughg~P»
å
ertvxn|Ä¨<s{x²BptcerqwYe{c=}|w{n|x"pqc|hØŁw
±
ptcehughg~	ugw{nBpts{vxn|vxneÄpqcehﬂu2ertrqhNnBpVªvxhN¨0*wYvxnBpv|§hW
±
w{r
rthgn*hgrtvxn||»â8w{n|qhgrtªasapqv~ª{h0ªv§v~¬ev~xvxpÄu2wYfieptspqv~w{nÄc*s{8¬*hNhgny¨0vhNx/s{|rqhWqqhNiv~nyf/s{nBierthgªv~w{|
|e¬e~v~uNsapqv~w{n*g»7Âsnﬂ§§pqhgf/
±
w{rv~nBpqhNrtsYupqv~ª{h¬e|vxv~ne¨s~²Bpqcertw{eYc =:2}j{j} 2Nj} 2W}.2}YÚﬀ>*f/s²Yh
*§hw
±
ptcevys|erqwBs{u(cÈ»&×ew{rÄpqcehW§hÂqpthgf/ipqc|hÂªvxhN¨Óughg~~ysrth{}fiwY§pÄw
±
pqv~fih{}pqc|hÂrqwwYfiiw
±
ptcehi¬eev~~evxneBg»/â8v®p[fﬂwhN~GuNsnÆs§w"¬*hiªv§|s{xv:9ghWÂ|qv~ne"q|u(cÁsyfihgpqcew@= e}Èj>¨0cehNrqhﬂªvxhN¨
ughg~~ﬂsrthÄh Bptrq*hN«rtwYsY
±
wwpq|rqv~nBptN»Ò×ewYrs[fﬂwYrqh{hNnehgr(sÎp@hw
±
u2wYfﬂ|xh Átu2hNnehNN}Łu(c|s{Å|hgr
hgps{P» = ?>|rqwY*wB§hﬂsyqw{~pqv~w{nÒ|§v~ne"wugu2~|hNr
±
*§v~w{nÁsn|
å
|rts{n|Âhgps{P» =:221>ertw{@wYqhptcehﬂ|§h
w
±
h$pqhNn|hN¿|rqw{hNuptvxwYn|N» BVwa¨8hNª{hgrW}v~n[§wYfihugs{qhNVu2hgrqpts{vxnØÌŁVfis^"¬@hGpqwwÄsrt{hÌpqws{u(cev~hgªYh
v~nBpqhNrtsYupqv~ªv®pY»Î×ew{r<ptcev~rqhWs{qw{nÈ}
å
hNu2wYrqhgp0h2psA=:2N?>	sn|"~v~s{Ys = >qe¬|§pqvxpqpth
±
sr(s^¨<s^ﬂ{hNw{fih2ptrq
¨0vxpqcipth$pq|rqhW/hgptc/fihNqcehN
Õ
b
å
ÒÖÎv~fﬂ@wY§pqwYrtN»=lon'= j>n|a§srhgp8sS»7v~§pqv~neYev~qc
±
e~xﬂªv~qv~¬exh
qh2p
±
rqwYfÉc*sr(xﬂªv~qv~¬exh§hgpt
Õ
BØŁeÖw
±
w{¬hWup(g»Vqvxn|pqc|hgv~r BØŁ/u2s{tqv®Ô*uNsaptvxwYnÈ}ptcehg/qhg~hNup8pqceh
s{eertw{ertvsapqhÇ	ä
åK±
wYr0hNsYu(cc|s{rtexÄªv§v~¬e~hw{¬hWupN»
Âs{r§ptvxn=:2NÙ>Yc|sYÈu2s{t§vxÔ|hWv~nBpqw0ptcerthghf/sawYrÈugspqhgYw{rtvxhW@pqcehfﬂhgpqcewe
±
w{rrqhNn|hgrtv~ne0j
å
fiwhN~
v~n¾u2~vxhNnBp§zo§hNrqªYhgrihgnªvxrtw{n|fﬂhNnBptN» bc|h¿Ô|rt§pyugspqhN{w{rt«vÄugs{x~hN 2¸  ·2º  $1 #{·ﬁ/· ﬀ#?$ =:2Wﬀ>°»Ãbceh
fihgpqceweÊw
±
pqcevÈugspqhN{w{rtVw0n|wpÈv~nBªYw{~ª{hÎsnrqhNn|hgrtv~new{nÌpqceh|srqpÈw
±
pqceh8§hNrqªYhgrW»ÈbcehÎ{hNw{fih2ptrq
vwa¨0ne~wYsYhN¿ptw¿hNs{u(cÒu2~vxhNnYpptc|sapGrthBehN§ptvxpGs{n|[pqceh/u2~v~hgnBpÌvrthNq*wYn|§v~¬e~h
±
wYrÌrthgn*hgrtvxn|yvxpN»
Ł|u(cifﬂhgpqcewe8srth0¨8hNx*§evxpqhW
±
w{r<see~vugsaptvxwYn|7nehNhNv~nerthNs{pqv~fﬂhvxnBpthgr(s{uptvxwYnÈ»=¼¾c|hgn/|qvxn|Gpqceh
fihgpqceweVw
±
pqcehqhNugw{n|¿uNsapqhN{wYrqY}eugs~~hN $g·
1a·
 $1 #Y·+i·	-#$}epqc|hj
å
fﬂwhNÈv
±
e~x"rthgn|hNrqhW
wYn[ptcehÄqhgrtª{hgrGqv~ehÄsn|[pqcehyrqhW§expqv~ne¿v~fis{{hWÌs{rqh/qhgnBpGpqw"ptcehÄu2~vxhNnBpt= Ùe}=>S»/lon = Ù>°}Èpqc|hÄ§hNª{hgr
YhgnehNrtspqhWGpqc|h
±
r(sfihNN}Îhgn*u2whNﬂsn*«pqr(sn*§fivxppqc|hgfptwÂpqc|h"ugxv~hgnBpN»¯bc|hyhgn*u2whN
±
rts{fihNﬂsrth
ptrts{n|qfﬂvxp§pthNÄsYsGªvhgwptrqhWsf pqwptcehugxv~hgnBp<¨0cev~u(chNugwehNÎptceh§pqrthNs{fÉs{n|Ävqe~s^v®pW»	lonﬁ= >S}
hWs{u(cﬂu2~vxhNnYpÎ|qhN	erthgªv~w{|	ªv~hg¨	w
±
pqcehtu2hNnehptwerqhWvupÎneh$pÎªvxhN¨Ð|qv~nev~f/sYh2z°¬|s{qhNGrthgn*hgrtvxn|
pthNu(cen|v BehWg»ÎbcehGqhgrtª{hgr<@hgr
±
w{rtfi<ptcehGqs{fihÌ|rqhWv~u2pqv~w{n"sn|"§hNn|ewYnexÄpqcehGvxÍ@hNrqhNn|u2h¬@h2p¨<hghNn
ptceh/erthNvupthNÆsn|[pqc|hÄs{upt|sÎªv~hg¨N»yâ8w{fierthNt§hW[vxÍ@hNrqhNn|u2h/v~f/sYhNÌrqh BevxrthixhWq¬*sn|¨0vptc
ptc|snÂpqcehiu2wYfﬂ|rqhWqqhN¿v~f/s{hWw
±
hNs{u(c
±
rts{fﬂhY»Ł|u(cÂfih2ptceweVYh2pÌvxnBpqhNrqhWptvxn|y¨0cehNnpqcehiu2~v~hgnBpt
c*s^ª{hxv~fiv®pthN¿rthNqw{er(u2hWsn|"~vxfivxpqhN"Yrts{ecevug@hgr
±
w{rtfis{n|u2hWg»
±
w{rpqcehGptcev~rt¿ugspqhN{w{rt{}uNs~xhW
.!
1 # $1 #{· i·	-#$=:2Ne} 2^Úﬀ>S}|s{r§p(w
±
pqcehj
å
fiwhgÊsrthVrthgn*hgrthNiwYnÄpqc|hÌqhgrtª{hNrsn|ÄpqcehÌwptcehgr
*srqptsrthÌewa¨0nexwBs{hWÄsn*yrthgn|ehgrthN/wYnyptcehGu2~vxhNnYpqv~eh{»Ł|u(c"fih2pqc|w|c|s^ª{hpqcehGsYªasnBpts{{hVw
±
rthNe|u2v~ne/ptcehYhgwYfﬂhgpqrtv~uu2wYfﬂ|xh vxp"w
±
ptcehﬂ|saptsÄpqw¬*hpqr(sn|qfiv®pqpqhW¬"rthg|~sYu2v~neÄ|s{r§p(Vw
±
pqceh
YhgwYfﬂhgpqrti¨0v®ptcv~f/s{hWg»ABVwa¨8hNª{hgrW}hNugv~v~nei¨0cevu(cy|s{r§p0w
±
sﬂfﬂwhNÈ§c|w{eÄ¬@hrqhNn|hgrthNyw{npqceh
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! 
qhgrtª{hNrw{rÌw{nÂpqcehiu2~vxhNnBpÌvVn|wpGs/pqrtv~ªBvsptsY§²»äneh@wYtqvx¬ev~~v®p¿vptc|sapÌpqcehiqhgrtª{hgrÌu2wYe~ÂrqhNn|hgr
c|vxYc[sn|Âxwa¨´rthNqw{~pqv~w{n[ª{hgr(qvxwYn|0w
±
syj
å
fiwhgÎsn*Â§hNn|ptcehrthNqv|s	hgrtrtw{rVv~f/sYhsn|Âpqceh
~wa¨z°rqhW§wYxptvxwYni{hgwYfih2pqrtﬂpqwpqcehu2~v~hgnBp =:2N|} 2^Ú->°»7lonÄpqc|v~0uNs{qh{}Ypqcehrtw{~hVw
±
pqcehu2~vxhNnBp<v8pqwﬂrqhNn|hgr
ptcehu2wBsr(§hfiwehg=s{n|pqw/s{eypqc|hGrqhW§v|s{Êvxf/sYhÌpqwirqhWptw{rthÌs
±
e~ B|s{xvxpÄrthgn|ehgrtvxne*»
bw"qef;e=}Èw{erq§pqhNf
±
s~~Ìv~nBpqwpqcehﬂÔ|r(pGugspqhN{w{rt¿sn|[¨8hpqcev~ne²¿ptc|sapGnehgp¨8wYrq²YhN¿¨s~²Yz
ptcertw{eYcÒw
±
f/s{t§v~ª{hifiwhgGq|u(c«s{Ìpqc|hÄu2vxpÂerthNqhgnBpqhW[v~n«×v~{|rqh 2if|§pGpts{²{h/s{eª^s{nBptsYhw
±
ptcehGp¨<wÄse|rqwBs{u(cehW<ehNtu2rtvx¬@hN¿s¬@waª{hY}|ts^/pqceh|§hw
±
erqwY{rthNt§v~ª{hÌfiwhgVs{n|pqcehqe¬v~ªBvqvxwYn
w
±
pqcehÌqughgnehvxnBptwj
å
u2hNxN»	×|w{r<h$esfie~hVsØÌŁÄugw{e/¬@hugw{fi*wB§hWiw
±
Ç7ä
å
N};w{r Łesap(g»
×|erqpqcehNrqfiw{rth{}{¨8h0ptcev~ne²ptc|sap8|§v~neGertwu2hWer(sefiwhg
±
wYrnehgp¨8wYrq²Gptrts{n|qfﬂvt§v~w{nﬂv~rqhWs~xfiw{rth
v~nBpqhNrqhWptvxneﬂptc|snpqr(sn|qfiv®pqpqv~neifiwehg0{hNw{fih2ptrq/hNª{hgn"v~n¿sﬂertw{YrqhWqqv~ª{hV¨s^{»
b	s²v~neÂs~ptcehNqhÄ@w{v~nYp(v~nBpqw[sYugu2wYenBp¨8h/|rqwY*wB§hiptw[u2wYf¬ev~nehÄªv§v~¬ev~xvxpÒuNsu2esaptvxwYnÆ¨0vxpqc
Ç7ä
å
YhgnehNrtspqhWÄ¬Äertwu2hNeerts{fﬂwhN~N»Îbcehu(cewYv~ughw
±
ertwu2hNeerts{fﬂwhN~v0ªYhgrt/vxnBpqhNrqhWptvxn|
¬@hNuNs|qhGu2vxpyfiwhgugw{nBpts{vxn¿§hNª{hNrts{Ê|sapqpqhgrtn¿¬|s{qhN{hNw{fih2ptrqvuÌw{¬hWup(hNs{q/ptw/{hgn|hgr(sapqhY}e§*u(c
sY7¬eev~~evxneBg}BrtwYs{|	s{n|ﬂpqrthghWg»	×	vxn|s{x~{}Ç	ä
å
s{rqh0sqwÌªYhgrthNsY§ﬂsn|
±
sYpÎptwG{hgn|hgr(sapqh
±
wYrÎpqcehW§h
fiwhN~N»7¼ÒhGsqwerthNqhgnBp0snehN¨Ãfih2ptcewÄptc|sapf/s²YhN<|qhw
±
pqcehªv§v~¬ev~xvxpÄu2wYfﬂ|ptspqv~w{n"rqhW§expt
ptw/§hNxhWup0pqc|hseertw{|rqvsapthÇ	ä
å´±
w{r0hNsYu(cwY¬hNu2pertvxneﬂptcehGrqhNn|hNrqv~neﬂerqwughNtg»
 
/2,7
¼Æhy|rqhW§hNnYpﬂs[q§pqhNf ¨0c|v~u(cÐs{x~wa¨rthNs{®zSpqv~fihÄ¨s~²Yptcertw{eYcÆw
±
j
å
u2vxpÒfiwhN~xwuNsapqhW«w{n¯s
rthgfiw{pqh/f/s{u(cev~nehÄs{n|Æpqr(sn|qfiv®pqpqhWÁwaª{hgrs¿~wa¨É¬|sn|e¨0v~ptc¯nehgp¨8wYrq²}È|qv~ne[bVâ8alo´erqw{pqwu2wYP»
bc|hÌYxwY¬|sÈs{rtu(c|v®pthNupterthw
±
w{|r§§pqhgf©v~v~x~|§pqr(sapthN"¬y×	vxYerqhe»7bc|h§hNrqªYhgr<erqwaªvhNsYugu2hWq
ptwÆqhgªYhgr(s<u2vxp«fﬂwhN~N}hWs{u(c¯wYneh"¬*hNvxneÁrthgerthNqhgnBpthN«¬«w{n|hespts¬*s{qh{»«sYu(cÑespts¬*s{qhyvﬂs
qh2pw
±
ØÌÂÇÙBÚﬁ= D>Ô|~hNehNtu2rtvx¬ev~ne"pqc|hyj
å
ugv®pÒfiwehgS»ybcehyespts{¬|s{qhﬂ§pqrt|u2pqerth/v~h2p(sv~xhW
v~n[qhNu2pqv~w{n[j|»VsYu(cÂrqhNfiwpqhu2~vxhNnYpf/s{u(cev~nehuNsn[ugw{nen|hNuppqwypqcehﬂ§hNrqªYhgrptwy¨s~²yptcertw{eYcÂsyu2vxp
fiwhNÊ|§v~neﬂv®p(0s{t§wugv~spqhNyesap(s¬|sY§hY»7bc|hgrthv<rqv~{cBpnewa¨Ãnewﬂv~nYpthgr(s{u2pqv~w{ny¬@h2p¨<hghNnugxv~hgnBptN}esn*
hWs{u(c¿u2~vxhNnBprthgn*hgr(v®p(wa¨0nrthg|rqhW§hNnYp(saptvxwYnyw
±
pqc|hugv®pfiwehgS»
...
Database2
Database1
Database3
TCP/IP
Server Client Client Client
Walkthrough
model 1
Walkthrough
model 1 model 2
Walkthrough
×	v~{erth.4 ;Ì~w{¬|s{È§§pqhgfsr(u(cev®pthNu2pqerth{»
änehﬂw
±
ptcehﬂfis{vxnÒfihNu(c|s{nev~qfÓvxn[w{er§§pqhNf½vpqwypqr(sn|qfiv®pGsn|ÂªBvq|s~v 9NhwYnex"ptcehﬂqe¬|qh2p
w
±
pqcehfiwhNÈpqc*sapVv@wpthgnBpqvs~x"ªv~qv~¬exh
±
rqwYf©ptcehu2|rqrthgnBpªvxhN¨0*wYvxnBpW»<¼¾vxpqcÂpqcevVs{vxf½vxnªv~hg¨G}
E(EGFAHIJ1J1K
D  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
ptcehtu2hNnehvVqe¬v~ªBvhWÂv~nYptwughg~~sn|ÂsyØÌŁÂw
±
w{¬ehNup(VvÌu2w{fieepqhN
±
w{rVhWs{u(cÂughg~P»lon[s{eev®z
ptvxwYnÈ}¨8hﬂh2pthgrtfivxnehpqcehis{a§s{u2hNn|u2"rthgsapqv~w{n*§cev~Â¬@h2p¨<hghNn[u2hNxg»
å
erqv~ne¨<s{x²Bpqc|rqwYe{c¿ptcehughg~~
sY^§s{ughgnBp<pqwﬂpqcehugertrqhNnYpw{n|h{}s{¨<hg~Ès{8pqc|hgv~r0ØÌŁVsrtherth
±
hgptu(cehWywaªYhgr8pqcehnehgp¨8wYrq²»76fiw{rth
@hgrqpqv~nehNnYpÌerth
±
h2p(u(cev~ne/pqhWu(cenev"Behvptwyhgpqhgrtfivxn|hpqc|hneh BpÌªv~qv®pthNÂsY^§s{ughgnBpughg~|qv~neÄfiwptvxwYn
|rqhWv~u2pqv~w{nÈ»	lonipqc|v~¨<s^Y}pqc|hVesap(s¬|sY§hvertw{YrqhWqqv~ª{hg~pqr(sn*§fivxp§pqhWﬂpqwptcehVu2~v~hgnBpN»Î×e|r§ptcehgrtfiw{rth
ptceh"{hgwYfih2pqrtÆ|§hW
±
w{rﬂptcehyrthgn|ehgrtvxneÒertwughNtvpqceh"ØÌŁ¯w
±
ptceh"ªBvqv®pthN¯ughg~P»«bcevﬂØÌŁ¯v~
±
rt|§pqef4ugex~hNy|qvxnepqcehÌ¬@w{en|evxne¬*w /w
±
hNs{u(cyw
±
vxpt<w{¬hWup(g}sn|/pqcehÌw{¬p(sv~nehNÄrqhW§exp8v<§hNnYp
ptwpqc|h¿ä@hgn ;ÇÃc|sr(¨srthﬂrthgn*hgrthgrW»lonÐs{|v®ptvxwYnÈ}Î§hNª{hNrts{s{ugughg~hgr(saptvxwYnÒpthNu(cen|v BehWc|sY¬@hghNn
v~fie~hgfihgnBpqhW"vxn¿w{|rqpthgf½s{h$esv~nehWycehNrqhWs
±
pthgrW»
0hWugs{xptc|sap0nehgp¨8wYrq²iptrts{n|§fivqqv~w{n|<srthGv~§pqrtv~¬epqhWywaªYhgr<n|s^ªvxBsaptvxwYnÄpqv~fih|§v~ne/q|s{ughÌqe¬z
evxªv§v~w{n"rqv~ª{hNnyesptserqh
±
h2p(u(cevxn||»7lonw{pqcehNr8¨<w{r(eN}hNs{u(cÄpqr(sn|qfiv~t§v~w{nu2w{n*u2hgrtn|8w{ne~/w{n|hØŁ»
BVwa¨8hNª{hNrpqc|hptrts{n|qfﬂvt§v~w{n¯w
±
qw{fihØÌŁif/s^¯§pqv~x0rthBev~rqhypqwwÆf|u(cÑneh2p¨<w{rt²Á¬|sn|e¨0v~ptcÈ}
¨0c|v~u(cÂuNs|qhNsÄ~spqhgn*u2pqv~fﬂhpqc|spÌuNsnenew{pV¬@hu2wYfi*hNn|qspqhW
±
w{r¬"erqh
±
h2p(u(cevxn||»bwyu2wY*h¨0vxpqc
ptcevertw{¬|xhNf"}Î¨<hy*§herqwughNer(s8fiwehgptwÒs^ª{wYv~ÁYhgwYfﬂhgpqrt[ptrts{n|qfﬂvt§v~w{nÈ»Òw{rthyerthNugv~qhg~{}
ptcehyqhgrtª{hNresap(s¬|sY§hÄugw{nBpts{vxn|GsÂxv~¬er(srtÂw
±
ertwu2hNeerts{fiwhgs{¨8hNx8s{qw{fihyqh2p(Gw
±
v~neep
*sr(sfih2pthgr(g»sYu(c[w
±
pqcehW§hi§hgptÌv*§hWÂ¬w{nehﬂertwu2hNeerts{fiwhNptwYhgnehNrtspqhpqcehﬂ{hNw{fih2ptrq
w
±
wYnehGw{¬ehNupW»¼¾cehNnehgªYhgrVs/ugxv~hgnBprthNu2hNvxªYhN0s/qh2pw
±
v~neep|sr(sfih2pthgr(rqhN~spqhWÄptwysﬂerqwughNer(s
fiwhNP}*v®pYhgnehNrtspqhN<ptcehsYqqwu2vsapqhWyYhgwYfﬂhgpqrt{»bw/{hNnehgr(sapthGv®ÍhgrthgnBpVYhgwYfﬂhgpqrtv~uÌwY¬hNu2ptugw{rtrqhgz
q@w{n|v~ne"pqw"ptceh/qs{fﬂhiertwu2hWer(s	fﬂwhNP}=pqceh/ugxv~hgnBp|§pnehghWeÌpqwwa¨0ne~wYsYptcehierqwughNer(s
fiwhN	sYV¨<hg~	sY0ptcehﬂqh2p(Vw
±
vxn|ep|sr(sfih2pthgr(
±
w{rpqc|hNqh{hNw{fih2ptrqvuGwY¬hNu2ptN»äneherqwughNer(s
fiwhNÎv~ÌptcehgnÁugs{|s¬e~hﬂw
±
YhgnehNrtspqv~ne¿§hNª{hgr(s7vxÍ@hNrqhNnBpYhgwYfﬂhgpqrtv~ufiwhgw
±
snÂ§v:9ghi|qv~ne"s
±
hN¨ nB|f¬@hgrw
±
v~neepﬂ|sr(sfihgpqhgr(N}È¨0cevu(cÆrthNe|u2hWpqcehsfiw{enBpw
±
espts"ptrts{n|§fivxp§pthNÁwaª{hNrpqceh
n|h2p¨<w{rt²@»VäerertwughN|rts{Èfiwehgs{rqhugwehN¨0vxpqc[sÄnehg¨ ÇÈz°qpthgf½¬|s{qhN¿ØÌÂÇ=ÙÚitu2rtvxptvxn|
sn|{|s{{h{»=¼¾cehgnﬂpqc|hugxv~hgnBpÎrthNu2hNvxªYhN7sÌ§hgp7w
±
v~neep*sr(sfih2pthgr(=vxps{q²
±
wYr7pqceh0s{tqwugv~spqhWertwu2h2z
eerts{*fiwhNÊ|§v~neh$pqhNrqn|s{erqw{pqw{pB|vxnefﬂhWu(c|sn|v~qf4ertwaªBvhW/¬/ØÂÇÙBÚ»	bcevfihNu(c|s{nev§f
s{x~wa¨pqwif/snev~eesapthÌhWs{u(cerqwughNer(s@fiwhgÈsY<sØVÂÇ=ÙÚ¬|evxxp§z°v~nnewhY»Îs{u(crqhWu2hNvxªYhNyqh2p
w
±
v~neep|sr(sfih2pthgr(v0|qhNypqw/v~n|§pts{nYptv~spqhGsﬂnewhGw
±
v®p(s{tqwugv~spqhWÄertwptwp*hY»
¼¾vxpqcrthgBsr(ipqwﬂpqc|hGrqhNn|hgrtv~ne|rqwu2hWq<rtenenev~neiw{npqc|hu2~vxhNnYpqv~eh{}evxp
±
s{ughN8pqcehtsfihertw{¬z
~hgf/=pqc|s{nGpqc|wYqhr(sv§hW¬Bnehgp¨8wYrq²pqr(sn*§fivqqvxwYn|N»Êlon|hghWÊ}sØÌŁGfiv~{cBp	§pqv~~ugw{nBpts{vxnptwwVf*u(c
@w{~{wYn|Èptw{h2ps{nv~nYpthgr(s{u2pqv~ª{h
±
rts{fﬂh<r(sapqh
Õ
ts^{}B{
±
rts{fﬂhW	*hNr§hWu2w{n*etÖ2»=lonﬂw{r(hgrpqwrthN*u2h<pqceh
s{fiw{enBpw
±
@w{~{wYn|pqwy¬*hrthgn*hgrthNÊ}|pqceh{hNw{fih2ptrqw
±
pqcehØÌŁﬃ w{¬hWup(0v~VrqhNerthNqhgnBpqhW¨0vxpqc
Ç7ä
å
N»Ç7ä
å
srthﬂYhgnehNrtspqhWÒ¬ÒerqwughNer(sÎfiwhN~N»bc|spv~pqwÂts^{}w{neh/ertwu2hWer(sÎfiwhg
ugw{fiepthNÎs{xptcehÇ	ä
å

±
w{r7ptceh0w{¬hWup(7v®pYhgnehNrtspqhNN»=Vnewptcehgrv~nBpqhNrqhWpÎv~nertwu2hWer(s{hNw{fih2ptrq
YhgnehNrtspqv~w{nv~7ptceh0@wYt§v~¬ev~xvxpw
±
ertw|u2v~neGsnnef¬*hNrÎw
±
Ç	ä
å
g»Vq|s{x~{}{pqcehqevxpts¬|xh0Ç	ä
å
v~
qhg~hNu2pqhW|qv~nesnﬂ|ugxvhNs{n/fih2pqrtvu8Yvxªv~neÌpqcehev~§pts{n|u2h0¬@h2p¨<hghNnptceh0ªvxhN¨0*wYvxnBpsn*ptceh0w{¬ehNup
ughgnBpqhNrN»	lon"w{er<vxfie~hgfihNnYp(saptvxwYnÈ}¨8hÌertw{@wYqhVsev®ÍhgrthgnBpfﬂhgpqcewy¨0cev~u(cypts{²{hN<s{eª^s{nBptsYhVw
±
pqceh
ªv§v~¬ev~xvxp¿u2w{fieeptsaptvxwYn¿rqhW§exptN»¼¾cev~xhﬂu2w{fieepqv~neÄw{n|hu2hNxªBvqvx¬ev~~v®ppqceh§§pqhgfÓu2wYfiepqhWVs{n
Vâ B
Õ
s^ª{hNrts{{hGu2waªYhgr(sYhcev~nBp(Ö
±
w{rhWs{u(cªv~qv~¬exhw{¬hWupN»0bcehVâ B w
±
s{nw{¬hWupVrthgerthNqhgnBp(pqceh
s^ªYhgr(sYh§er
±
s{ugh8s{rqhWsw
±
pqcev	w{¬hWup7¨0cehgnerqw{hNu2pqhNw{nBpqwpqceh<ertwhWupqv~w{ne~s{neh<w
±
s{nBªv~hg¨0@w{v~nYp
¨0vxpqc|vxn«ptcehyughg~P»
å
ertvxn|ÂrqhNn|hNrqv~ne|}pqc|hyVâ B w
±
hWs{u(c«wY¬hNu2pv~h$e~w{vxpqhW«s{
±
wYx~wa¨N»¿×|w{rs
|erq@wYqhw
±
v~nBpqhNrtsYupqv~ªv®pY}eptcehf/s v~fef½ptwpts{=nef¬*hNrVw
±
@w{~{wYn|pqwy¬*hrqhNn|hgrthN¿vVqh2ppqwys
YvxªYhgn"nef¬@hgr e»<bcehVâ B´w
±
hNsYu(cwY¬hNu2prqhNerthNqhgnBpt<ptcehertw{@w{rqpqv~w{n"w
±
pqceh ﬂ*wYxBz
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! Ú
Yw{n|<s~~wa¨8hWipqwi¬@hrthgn|ehgrthNÊ»Îbc|N}pqwﬂhNs{u(c"Vâ B&ugw{rtrqhW§@w{n*e8sﬂu2hNr§p(sv~nynef¬*hNr<w
±
@w{~BYw{n|
  »	lonipqc|v~¨<s^Y}apqceh   	sYqqwu2vsapqhW¨0vxpqcÄs{niw{¬hWuprthgerthNqhgnBpqhWﬂ¬BﬂÇ	ä
å
s~~wa¨	pqwqhg~hNup
ptcehÇ7ä
å
u2wYfi*wB§hWw
±
sinB|f¬@hgrVw
±
@w{~{wYn|u2~wYqhN§p0pqw   	»<lonÂsYevxpqv~w{n"pqwÄpqcehs{¬*waªYhGw{z
ptvxfiv:9Nspqv~w{n"¨8hGv~nBpqrtwe|u2hGsn|wpqc|hgrØ[Ç=ÙBÚn|wehÌn*sfihNÂäneh^Łv~ehﬀ;Ìrtw{eÈ»ÎbcevnewhGwY*hNrtspqhN
¬*s{u(²
±
sYu2hÌu2e~xv~newYnÄsqh2pw
±

Å@sap8s{n|/u2ww{|~s{n|sr<Yhgw{fihgpqrtv~u0wY¬hNu2ptrtspqcehNrÎpqc|s{nÄw{n/@w{~{wYn|g»
snyh esfie~h{}Ypqcev²vxn|yw
±
n|wehÌuNsnyhNn|ugs{|qe~spqhVpqceh§hgp<w
±
w{¬ehNup(<fis{²vxneeÄptceh
±
rqwYnBptsYh
w
±
s"¬e|vxv~ne|»"~Îpqceh/wY¬hNu2ptGw
±
s
±
rtw{nBpts{{h/srth/§|e*wYr§pthNÒ¬Òstsfihie~s{neh/¨0cewB§hinewYrqf/s
uNsn¬@h*§hW¿pqw"u2e~=ptcehgfÓv~n[wYneh{w*»Vvxp¨0v~x	¬@hh |~s{vxnehWsapqhNrN}@ªv~qv~¬evx~vxp"ugw{fiep(sapqv~w{n[v~
@hgr
±
w{rtfihNw{npqcehGhNnBpqv~rqhG¬e|vxv~neYN»w{rtherthNu2vqhg~{}esﬂ¬eev~~evxne/vhgvxpqc|hgrVugw{fie~h2pqhNxyªBvqvx¬e~hGw{r
n|wpN»¿bcehNrqh
±
w{rth/¨0cehgn¯s¿¬e|vxv~neÂvªv~qv~¬exhY}	s{x8v®p(
±
rtw{nBpts{{hWGsrthÄu2w{n*§vhgrthNÆs{ªv~qvx¬|xhY»"bceh

º·  #{·/ 
 [fihNu(c|s{nev§f v0|qhNypqwÄuge~Ê¬|s{u(²
±
rtw{nBp(s{hWertvxneirthgn|ehgrtvxne*»
bcehÒrqhWp"w
±
pqc|v~rqhN*wYr§pv~w{rtYs{nev 9NhN s{
±
w{~xwa¨N» lon¾ptceh[n|h$p"qhNu2pqv~w{nU¨<h[hWqugrqv~¬*h[pqceh
|sapts{¬|s{qhNÌYhgnehNrtspqv~w{n[v~n|ugx|evxne
±
rtw{f qugrtsptu(cÆu2vxp[fiwhgYhgnehNrtspqv~w{nÈ}=ªBvqvx¬ev~~v®p[ugw{fiep(saptvxwYn
s{n|ÒØÂÇÙBÚespts¬*s{qhrthgerthNqhgnBp(sapqv~w{n=»ãh pN}=¨<hi{v~ª{his¿§cewYr§pGhWqugrqv~pqv~w{nÆw
±
w{erÇÈz°qpthgf
¬*s{qhNUtu2rtvxepqv~neÑsn|{|s{{hÂ¨<h[|qh
±
w{r¿ertwughN|rts{Vfiwhg¿hNtu2rtvxepqv~w{n&s{n|¾¨<hÒh e~s{vxn&cewa¨
¨<hu2wYn|ptrq*upipqceh[erqwughNer(sfiwhg/|qv~neÆpqcev/sneY|sYh{» lon¾sÆpqcev~rt qhNu2pqv~w{n:¨8hhWqugrqv~¬*h
wYer0nehgp¨8wYrq²YhNrqhWsxzPptvxfihrqhNn|hNrqv~neivxfie~hgfihNnYp(saptvxwYn¿ehgª{hNxwY*hW"|§v~neÄÂs{{hNxsnÈ}wYerÌä@hgn ;Ç
¬*s{qhN"hgªYhg~w{efihgnBp
±
r(sfihg¨<w{rt²»bcehNn"¨<hGvqug|qwYer0rthNqe®p(¬*h
±
w{rthGu2w{n*u2~|v~ne|»


"1 !072
bc|v~Ì§hWuptvxwYnÂ§cewa¨Vcewa¨´w{|rq§pqhNfÓ{hgn|hgr(sapqhWVsÄ|sapts{¬|s{qhsYqqwu2vsapqhW¿¨0v®ptc[snÒsptw{f/saptv~uNs~x
YhgnehNrtspqhWÂj
å
ugv®pfiwhgÎ¨0c|wYqhptrts{n|§fivqqv~w{n[waªYhgrÌsn|h2p¨<w{rt²
Õ
±
w{rGs"eert*wB§hﬂw
±
n|s^ªvxBsapqv~w{n@Ö
f|§p
±
|®Ô|~qw{fihGu2wYn|§pqr(sv~nYp(<rqhN~spqhNypqwﬂptcehG¬|sn*¨0v~pqc¿w
±
pqcehG*§hWynehgp¨8wYrq²»
bcehw{@hgr(saptvxwYnw
±
{hNnehgr(saptvxnesÄesap(s¬|sY§h
Õ
×	vxYerqhﬂjYÖvÌsnÂw{Í*z°xv~neh|rqwu2hWqpqc|spÌqeee~v~hNVs
ØÌÂÇÙBÚVÔ|~hVq§pqhNfÉehNtu2rtvx¬ev~nesGj
å
u2vxpﬂfﬂwhN|hNv®ptcehgrYhgnehNrtspqhWﬂs{pqwYf/sapqvugs{x~wYrh$ptrtsYupqhW
±
rtw{f´s{nh$vptvxne
ﬀ
u2vxpfiwehgS»	ﬁ
ﬀ
u2vxpfiwehgv~	sfiwhNB¨0c|hgrth¬eev~~evxneB7srthhNtu2rtv~¬*hW
*§v~ne¯ptcehgv~r
±
wwpq|rqv~nBpt¿sn|¾pqcehNvxr¿cehNvxYcYp(g»©Ł|u(cÃfiwhg¿srthÂw
±
pthgnK|qhNUv~nUptwa¨0nUesnen|vxne
|rqw{hNup(g»
bcehÌÔ|r(§p0§pqhNw
±
YhgnehNrtspqv~w{nugw{n|qvp(8v~n"¬eev~~v~ne/sn"v~nYpthgrtfihNvsapthÌugv®pÄfiwhNP»bcevfiwhg
vf/sYhÄe«w
±
rtwYsYeN}u2rtwYtqrqwBs{eN}È¬eev~vxn|Ys{n|Á|s{rq²N»sYu(c«w
±
pqc|hNqh
±
w{erhgnBpqvxpqv~hNu2wYnYp(sv~n
qhgªYhgr(sv~n
±
w{rtf/sapqv~w{n"esap(s 4
ﬂ
Ä£a¥ﬃ! ¢
Ü
¥¢ =£a¤(¡g¢
Ý
(
Üy¨0cevu(c¿v~V|qhN
±
w{r¬eev~~v~neBg}*rqwBs{e0s{n|¿u2rtwYt§rtwYsYeg»l°pugs{n"¬@hs{n
sr(u(cevxpqhNu2pp~hÌYvxªYhgn¿sﬂxv
±
hG*hNrqv~wÊ}|siu2vxp/pevugs{Èp~h{}h2p(u»
ﬂ#"
¤¢£a¤(0¡N¢
Ý
(
Ü/¨0cevu(c¿v~|qhN
±
wYr0|srt²<s{n|fis{vxn|x"hNtu2rtvx¬@hÌpqceh§pxhw
±
ª{hN{hgptsaptvxwYnÈ»
ﬂ#$
àÈà
¢&%	£' )(¢W¡
ptc|sap¿srth|§hW
±
w{r"s~Vptceh[hNnBpqvxpqv~hNN»'ÇÈv~²{h
±
w{r*+
ﬀ
fiwhN~¨8h[|§h[pqcehW§h
±
wwpq|rqv~nBptpqw"hNtu2rtvx¬@hﬂhNs{u(c[hgnBpqvxp¿*wB§vxpqv~w{nÒvxnÆ§|sYu2hY»Łv~n|ugh¨<h¨snBppqcehﬂhgnBpqvxpqv~hNptwÄÔep
¨8hNx=¨0v®ptcptcehpqhNrqr(sv~nyhNxhNªasapqv~w{n*g}ptcehg"srthh |rqhWqqhNvxn-,.q|s{ugh{»
E(EGFAHIJ1J1K
  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
Ł*s{u2h
qe¬vxªv§v~w{n
 
 
 




whg
xv~¬er(srt
lonYpthgrtfihNvsapth
u2vxpyfiwhg
5<vxn|s{rq


ﬀ
fiwhg
ptw{f/saptv~u
{hgn|hgr(sapqwYr
Łhgrtª{hNr
å
spts¬*s{qh
ØVvqvx¬ev~~v®p
whN~
|sr(sfihgpqhgr(


 *wYr§p(saptvxwYn u2w{fieeptsaptvxwYn
×	v~{erthGj 4
å
sapts{¬|s{qhÌ{hgn|hgr(sapqv~w{nertwughNtg»
ﬂ
Ü
  ﬃ¢N¡Â¤ (	á (ﬃÒ 
Ü
£^¡
à
		àÈà
£a¡
pqc*saps{rqhiw{n|xÒ|§hW
±
w{r¬|evxv~neYN»Łvxn*u2h/¨<hÄ¨<s{nBp
pqwÑfis{vxnBp(sv~nUs¯u2wYcehgrthgn|ugh¬*hgp¨8hNhgn ptceh[cehNvxYcBptÄw
±
ptrqhNh2p Ä*s^ª{hgfihNnYp(g}<ptceh[rtwYsYeÄsn*
u2rtwYt§rtwYsYe<srthÌsYqqvxYnehN"siu2wYn|p(snBp0cehgv~{cBpW»
ﬂ
iáW¤e¥
Ü
(	¥
Ý
£
Ü
(P¤¢ 
à
(	¡ﬃ  %
¬*hgp¨8hNhgn¬eev~~v~neBg»	bcev~	rthgsaptvxwYn|§c|vxGv	|§hWpqwÌc|s{n|~h|s{r§p
¨<s{x0ertv~neﬂpqcehGYhgnehNrtspqv~w{nyw
±
¬|evxv~neY
±
rtw{nBpts{{hNN»
lonÄsYevxpqv~w{nÈ}{pqcehvxnBpthgrtfﬂhWvsapqh0fiwhN*u2wYfierqvqhNÎsnÄsY^§s{ughgn|ugYrts{ecixv~ne²vxn|pqcehrqwBs{eÎs{n|ﬂpqceh
ugrqwBqqrtwYs{|w
±
pqc|hﬂugv®p¿fiwhgS»lonÂpqcevÌ{r(secÈ}syugrqwBqqrtwYs{rth
±
hgr(0ptwÄptcehrtwYsYevxpÌsYugughNt§hWVsn*
rthNugvx|rqwugs{x~syrtwYsYrth
±
hgr(pqw"pqc|hﬂrtwYsYeÌsn|Òu2rtwYt§rtwYsYevxps{ugughNt§hWg»¼¾cehgnÆ|qvxne¿snÒh$vptvxne
+

ﬀ
u2vxp/fiwehgS}pqcehv~nYpthgrtfihNvsapthÌugv®p/fiwhgvvxn|v®ptv~s{xv:9ghWÄ¨0vxpqcpqcehv~n
±
w{rtf/sapqv~w{nesap(sw
±
pqc|v~
fiwhNs{n|/ptcehGs{^§sYu2hNn|u2/Yrts{ecÄv8YhgnehNrtspqhW
±
rqwYf pqcehv~n
±
w{rtf/saptvxwYnyesap(srthgsapthNÄpqwpqcehÌrqwBs{e
s{n|ÄugrqwBqqrqwBs{eN»	äeru2|rqrthgnBp<qpthgf whWnew{p<c*sn|~hptcehÌ{hgn|hgr(sapqv~w{nyw
±
sﬂu2vxpﬂfiwhN
±
rtw{f4s{n
h v~§pqv~ne 

ﬀ
fiwehg=hNª{hNnptcew{|{c¨<hpqcev~ne²pqceh*§hw
±
q|u(cs/fiwhgv~ª{hgrtyv~fi*wYr§p(snBp¨0cehNn
ptcehs{vxf­vptwÒwY¬pts{vxn«rthNs{xv§pqvuy§pqrthgh2pﬂneh2p¨<w{rt²Gw{rpqwÒrqhWu2w{n*ptrq|u2ph$vptvxn|Òu2vxpqv~hNN»ÁsaptcehgrW}Îv®p
YhgnehNrtspqhW<s{pqwYf/sapqvugs{x~ipqc|hGvxnBpqhNrqfihWv~spqhGu2vxpyfiwhNÊ|§v~nei|qhgr0v~neep|sr(sfih2pthgr(g»
än|ughÂptceh[v~nBpqhgrtfihNvsapthÒugv®p fiwhgÌc|s{¬@hghgnÃ¬eev~®pW}Vvxp"vÄptcehgnÃ|§hW
±
w{r"{hNnehgr(saptvxn|«pqceh
ØÌÂÇÙBÚ8Ô|~hNhNtu2rtv~¬evxn|0pqceh8fiwehgÈ{hNw{fih2ptrqY»=V	tsv¬*h
±
w{rth{}as{=w{erw{¬hWupqv~ª{hv~Èpqwfiv~nevxfiv:9gh
ptceh¿sfiw{enBpiw
±
|sapts[pqr(sn*§fivxp§pqhW¯waªYhgrptceh¿neh2p¨<w{rt²}Î¨8h"f/s²Yhy|qhw
±
ertwu2hNeerts{8fiwhN~pqw
ehNtu2rtvx¬@hptcehi{hNw{fih2ptrqvufiwhN~N»3;Ìv~ª{hNnÂptceh/p~hﬂv~n
±
wYrqf/saptvxwYnÒugw{nBpts{vxnehWÂv~n[ptcehivxnBpthgrtfﬂhWvsapqh
fiwhNYs{È¨8hNx{sYÈs0~vx¬|rts{rqw
±
erqwughNer(safiwhN~N}gptcehYhgnehNrtspqv~w{nÌertwughNtÊ§hNxhWup(Êpqc|hse|rqwYerqvsapth
|rqwu2hWer(s@fiwehg
±
w{rhWs{u(cÄhNnYptv®psn|y{hgn|hgr(sapqhWptcehgv~r0v~neep0|s{rts{fﬂhgpqhNrt8|qvxne
±
wwpterqv~nBptsn*
c|hgv~{cBptN»ÎbcehGvxn|ep|s{rts{fﬂhgpqhNrt<w
±
hNsYu(chNnYptv®p"srth¨0rtvxp§pqhNn¿vxnsﬂØ[Ç=ÙBÚÔ|~h{»
bceh/v~nBpqhNrqfihNev~spqhÄu2vxpÂfiwhgv~s{~qw¿|qhNÒpqwYhgnehNrtspqhpqceh/ØÌÂÇ=ÙÚyÔ|~hNhWqugrqv~¬ev~ne"pqceh
q|sYu2hqe¬v~ªBvqvxwYnÈ»ÎV<qs{v~y¬*h
±
w{rthV¨<hV|qhÌs§*s{u2hÌ§|¬@v~ªv~qv~w{nÄptwwYpqv~fiv 9NhVptcehn|h2p¨<w{rt²ptrts{n|z
fivqqv~w{n|sn|¿ptcehrthgn*hgrtvxn|ÄertwughNtg»VwYerVYwYs{=v0pqwertwaªBvhugv®p¿fiwhg
±
wYr¨s~²Bpqcertw{|{c
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! Ù
¨<h/n|spqer(s~xÒ|qhÄrqwBs{eGs{n|«u2rtwYtqrqwBs{epqw[{hgn|hgr(sapqhﬂptcehÄn|s^ªv~YsaptvxwYn«§|sYu2hY» §v~ne¿pqc|hÄrqwBs{e
s{n|"u2rtwYt§rtwYsYe
±
ww{pqertvxnBp(<pqw{Yh2ptcehgr¨0vxpqc"pqcehsY^§s{ughgn|ugÄ{r(s|cu2wYnBptsv~nehWy¬/ptcehGvxnBpthgrtfﬂhWvsapqh
fiwhN8¨<hÄ{hNnehgr(sapthys[qh2pw
±
u2hNxpqc|spﬂu2wYn|§pqvxpqpthÄpqc|hn|s^ªv~Yspqv~w{n«§*s{u2hY»[<pptceh"hgn|«w
±
pqceh
q|sYu2h§e¬v~ªv~qvxwYn|rqwu2hWqN}BhNs{u(c"u2hNxÊvhgn|ugwhNvxn"w{n|hØÌÂÇ=ÙÚÔ|xhÌptc|sapu2wYnBptsv~n|8v®p(0u2wYnBªYh$
ce~ÈhWqugrqv~pqv~w{n¿sn*vxptVs{^§sYu2hgn*u2/rthgsapqv~w{n*§cev~|N»
bcehineh p§pqhNÒw
±
pqcehiYhgnehNrtspqv~w{nÂertwu2hWqÌu2wYn|§v§ptÌvxnÁu2wYfiepqv~ne¿u2hNxxzPptwz°w{¬hWup(Vªv§v~¬ev~xvxp{»
§v~ne/ptcehrthNqexptw
±
pqcehGp¨<w/s{§ppthg|V¨8hu2w{fieepqhGptceh@wpqhNnBpqvs~x"ªv~qvx¬|xhqh2pw
±
w{¬hWup(
±
w{r
hWs{u(cYhgnehNrtspqhWu2hNxS»bceh<ªv~qv~¬evx~vxpGerqwughNts{~qwVYhgnehNrtspqhNÈpqceh0Vâ B
±
w{r	hNsYu(c*w{pqhNnYptv~s{x~Gªv~qv~¬exh
wY¬hNu2pN»	bcehrqhW§expt	w
±
pqcev7ertwu2hNt	u2w{fie~h2pth<pqceh0hWqugrqv~pqv~w{nw
±
hWs{u(c|rqhNªBv~w{*§~G{hNnehgr(sapthNughg~P»
â8wYn|qhBehgnBptxÒhNs{u(c«ughg~8u2wYnBptsv~n|Gvxptªv~qv~¬evx~vxp[rthgsapqv~w{n*§cev~¯sn*[ptcehVâ Bw
±
vxpt*w{pqhNnYptv~s{x~
ªv§v~¬e~hw{¬hWuptN»
bcehs{§p7§pqhNw
±
pqc|h8ertwu2hWq	h$@w{rqpt=pqcehYhgnehNrtspqhNØÂÇÙBÚ0Ô|~hqpthgf´v~nBpqwÌw{er7ØVÂÇ=ÙÚ
ugw{fierthNt§hWÄfihgfiwYrqÄf/s{e*hW
±
w{rtfispN»
  	
	ﬀﬁﬂﬃ !#"$%ﬀ'&
bc|h8ertwu2hWq	v~nu(c|s{rqYhw
±
{hgn|hgr(sapqv~neÌsptw{f/saptv~uNs~xs{nv~nYpthgrtfihNvsapth<ugv®pGfiwhg
Õ
×	vxYerqhjYÖÈÔ|r(p
YhgnehNrtspqhWÈptcehptrqhNh2p7neh2p¨<w{rt²Gw
±
pqcehugv®pY»Îw{er7f/sv~nﬂ{wYs{v~7rthNs{Yptvxfihn|s^ªv~YsaptvxwYns{n|n|wp7pqceh
BehWpw
±
u2vxpyrthNs~v§f¿}e¨<hc|s^ªYhehgª{hNxwY*hW¿s/§v~fiexhsn|
±
s{§ps{xYw{rtv®ptcef4pqwy{hgn|hgr(sapqhÌptceh§pqrthgh2p
n|h2p¨<w{rt²@»×|w{rsÂ¬*hgp§pqhNrrthNs{xvqfËw{n|hyu2wYe~¯rqh
±
hgrGptw[Îsrtv~qc = Yﬀ>°»[bcehyf/s{vxn«vhNsÂ¬*hNcevxn*«pqc|v~
s{xYw{rtv®ptcef6v~ptwÌYhgnehNrtspqh<sVrthgYe~s{r§pqrthghgp	nehgp¨8wYrq²Ìptc|sapÎv=ptcehgnﬂfiwv®Ô*hN¬BqhgªYhgr(svpterq¬*sn|ugh
wY*hNrtspqv~w{n|ugw{n|qv~§pqv~neiv~n¿sYev~ne/newYv~qyesptspqw/h v§pqv~ne/w{nehWg»bc|hGrqhW§expqv~ne/§pqrthgh2pn|h2p¨<w{rt²/v~
*§hWyptw/{hNnehgr(sapthptceh
±
wwptertvxnBptN}ehNxhNª^spqv~w{n|0s{n|§pB~hNw
±
ptcehvxÍhgrthgnBphgnBpqvxpqv~hNN»bcehvxÍ@hNrqhNnYp
§pqhN|w
±
pqc|hG{hgn|hgr(sapqv~w{nertwughNtsrthÌYvxªYhgnvxn"Ô|Yerqh*»
Regular graph
Edge noise
Vertices noise
Elevation noise
Islets, Roads,
Crossroads
footprints
Buildings,
Parks
footprints
Styles
choice
×v~{|rqh	4VpqwYf/sapqvu{hNnehgr(saptvxwYnyertwu2hWqN»
$
 £a¡g¢y¡N¢
Ü
%
YhgnehNrtspqhWsÄrthgYe~s{rnewYnzSwYrqv~hgnBpthN¿{r(s|cÈ»Vbcehª{hgrqpqvu2hWVs{n|hNe{hNw
±
ptcevVYrts{ec
rthg|rqhW§hNnYpu2rtwYt§rtwYsYes{n|ÄrtwYsYerthNq@hNuptvxªYhg~
Õ
×	vxYerth{sYÖ»ÎbcehÌ|qhgr<vxn|epesap(ss{rqhVpqcehGqv 9Nhw
±
E(EGFAHIJ1J1K
2W  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
a. b. c.
×	vxYerqh 4 ;ÌhgnehNrtspqhN"§pqrthgh2p0Yrts{ecs{n|"h2ÍhNup(0w
±
s{eev®ptvxwYn|sÊnewYv~qh{»
ptcehÌpqwa¨0nÈ}ptcehnef¬@hgr0w
±
u2rtwYtqrqwBs{es{n|ypqceh~hgne{pqc"w
±
ptcehGrtwYs{|g»	s{u(cª{hNr§pth$Äv0s{t§v~{nehWÄvxpt
j
å
u2ww{r(v~n|sapthN<¨0vxpqc¿new/cehNvxYcYp
Õ
vP» h{»7ptceh 9u2ww{r(v~n|sapthv0h Y*spqw/BÖ»
 
Ü
¥
à
(áÃ¡g¢
Ü
%
ev~§pqert¬|pqcehrthgYesr0{r(s|c"¬"s{ev~neiptwÄv®pÌs/u2hgrqpts{vxnn|w{v§hY»¼Æhf/s²{hG*§hw
±
ptcerthgh<p*hW7w
±
n|w{v§h<|sr(sfihgpqhgrtv:9ghNs{uNu2w{r(v~neptwÌpqceh0f/s{u(c|vxneh<r(sn|wYf´nef¬@hgrÎYhgnehNrtspqw{rW»=bceh
Ô*rt§p	n|w{v§h
Õ
×	v~{erth0a¬*Ö	hNxhgpqhNÎqw{fih<w
±
pqcehhNe{hN
Õ
rqwBs{e(Ö»	bceh0§hWu2w{n*newYv~qh8fiwaªYhNpqcehªYhgrqpqvu2hN
Õ
u2rtwYt§rtwYsYe(ÖwYnÒptcehÄYrqwYen|ÆesnehÄ¨0c|vx~h/rqhW§@hNu2pqv~neptcehyu2wYn|§pqr(sv~nYpptc|sapewBhWGnew{ps~xwa¨ p¨<w
hW{hW
Õ
rqwBs{e(ÖptwywaªYhgrt~s{
Õ
×	vxYerthﬂuWÖ»bceh~sYpnewYv~qhYhgnehNrtspqhNVhg~hgªasaptvxwYnÂªas~ehN
±
wYrªYhgrqpqvu2hN
Õ
u2rtwYt§rtwYsYe(Ö»bc|hcehNvxYcBpt<w
±
pqcehGu2rtwYtqrqwBs{e8srthV{hNnehgr(sapthNs{ugugw{r(v~neGpqw/srts{n|wYf §hNhNÄªas{xeh
s{n|[sf/s v~fef;cehNvxYcBpugw{n|§pqr(sv~nBpN»VÌptcevn|w{v§hﬂf/s^{v~ª{h|n|qspqv
±
sYuptw{rt"rthNqexptN}pqcehi|qhgr
uNsnÒ|§h/s{nÒcehNvxYcBpÌf/s
±
w{rÌptcehÄu2rtwYt§rtwYsYeN»<pGptcev*wYvxnBpN}Èpqceh/§pqrthgh2pGnehgp¨8wYrq²¿vGu2wYfﬂ|xhgpqhg~
eh2Ô|nehWÊ»l
±
pqc|hﬂ*§hNrÌvGtsapqv§Ô|hN[¬B¿ptcehirqhW§|®ptvxne¿nehgp¨8wYrq²}@pqc|hﬂYhgnehNrtspqv~w{nÂ|rqwu2hWquNsn[fiwaªYh
wYnyptwﬂpqcehGneh pVpthgÈ»

ﬃ! £^áÁ¡N¢
Ü
%
YhgnehNrtspqhN	rtwYsYeg}ugrqwBqqrtwYs{|s{n|vqxhgpt
±
wwptertvxnBptN»70ugu2wYrtevxnepqwGsGugw{n|§pqr(sv~nBp	wYn
ptcehGfivxn|vxfefs{n|"fis vxfef ¨0vpqc|w
±
rqwBs{eN}Bpqcehqpthgf©r(sn*w{fi~/{hgn|hgr(sapqhW
±
wBw{pqertv~nYp(
±
w{r
rtwYsYeÎsn*ﬂugrqwBqqrtwYs{|g»È×	v~{erth D{sqcewa¨	pqceh
±
wBw{pqertv~nYpYhgnehNrtspqv~w{n
±
w{rsGugrqwBqqrtwYs{ﬂ»	bc|h0pqcev~r(
§pqhN«v~vxfie~hgfihNnYpthN«sY
±
w{~~wa¨g»"l°pÔ|r(pﬂu2w{fieepqhNpqcehyª{hgrqpqvu2hWGw
±
ptcehyu2rtwYtqrqwBs{
±
ww{pqertvxnBp(g»
n|wa¨0vxneÌptceh0rqwBs{¨0v~pqc|

s{n|
ﬀ
}{vxp8ugw{n|§pqrt|up(	pqcehp¨8wr(s^	

s{n|

ﬀ
ptc|sap8s{rqh|s{rts{x~hg
ptwÁpqcehNvxrs{t§wu2vsapthNÐrqwBs{e/sY/§hNhgn vxn Ô*{erth'D{se»Ubc|hÔ|r(p
±
wwpterqv~nBpÄª{hNr§pth$

v/{v~ª{hNnÑ¬
ptcehÄv~nBpqhgr(qhNuptvxwYn«w
±
pqc|hÄp¨<wrts^N»¿bc|v~w{@hgr(sapqv~w{nÁvrthg@hNspqhW
±
wYrhWs{u(c«wptcehgrs{^§sYu2hgnBprtwYsY
ptwÒwY¬pts{vxnÐpqceh¿w{pqcehNr
±
ww{pqertvxnBp/ª{hNr§ptv~ughNN»Ñän|u2hpqc|v~iwY*hNrtspqv~w{n¯c|sYﬂ¬*hNhgn u2w{fie~h2pthN
±
w{rihNsYu(c
ugrqwBqqrtwYs{È}ÎpqcehÂs{xYw{rtv®ptcef YhgnehNrtspqhN
±
ww{pqertvxnBp(
±
w{rÄrtwYsYe/sn|:v§~h2p(Äs{/qcewa¨0n:vxn Ô*{erth'D¬È»
ãVwpthVptc|sap8pqcehGu2wYfiepqhW/r(s^<srthV§pqwYrqhW/vxnypqcehespts§pqrt|u2pqerthÌsYqqwu2vsapthNi¨0vxpqcÄptcehÌ{hgn|hgr(sapqhW
ugrqwBqqrtwYs{
±
ww{pqertvxnBp(§wis{<ptw/{hNnehgr(sapthÌugw{rtrqhWup|s^ª{hNfﬂhNnBpfiwhN~N»
$
à
£^¢ﬃÑ¡g¢
Ü
%
{hgn|hgr(sapqhW¬e|vxv~nes{n|/|s{rq²
±
wwpterqv~nBpt8|qvxneerthgªvxwY|qxﬂ{hNnehgr(sapthNiv§~h2p
±
wBw{p§z
|rqv~nBptN»É×|w{r¿s¯|s{rq²}pqc|hÒv§~h2p
±
wwpterqv~nBpvy*§hWÃs{vg» ×ewYr¬e|vxv~neYN}v§~h2p
±
wwpq|rqv~nBpt"srth
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! 2 2
Islet
b.a.
W
R
P
R
W
CrossroadRoad
C
1
1
2
2
1
×v~{|rqh D 4Î×|wBw{pqertv~nYp({hNnehgr(saptvxwYn
±
w{rugrqwBqqrtwYs{|g}BrqwBs{es{n|yvqxhgptN»
ptrts{n|
±
w{rtfﬂhWÄs{uNu2wYrtv~nepqwiu2w{n*ptrts{vxnBpt8w{nypqceh¬e|vxv~neﬂqv:9ghNN»Î×	vxYerqhÚ§cewa¨pqc|v~<ptrts{n|
±
wYrqf/sz
ptvxwYnÈ»Îbcehv~q~h2p
±
wwpq|rqv~nBpv8Ô|r(ptugs~hNÄpqwﬂw{¬p(sv~nyptceh¬|s{u(²
±
sYu2hW8w
±
pqc|hÌ¬|evxv~neY
Õ
×	vxYerqhÚsYÖ»
×|rqwYnBp/s{n|:¬|s{u(²
±
s{ughN/srth"pqcehNn¾xv~ne²YhN:¬Ðh$pthgn|v~neÁptceh¬|s{u(²
±
s{u2hW/enBpqv~0ptcehg u2rtwYt
±
rqwYnYp
±
sYu2hWg»bcevrqhW§exptVvxn[vxnBpqhNrqfihWv~spqh
±
ww{pqertvxnBp(
Õ
×	v~{erthiÚa¬*Ö»×v~n|s{x~{}*pqcehw{¬p(sv~nehN¿v~nBpqhNrqfihNev®z
spqh
±
wBw{pqertv~nYp(s{rqh<§|¬@v~ªv~ehNv~nBpqw¬eev~~v~ne
±
wwpq|rqv~nBpt
Õ
×	vxYerthÚauWÖÈs{n|sY^§s{ughgn|ugrthgsaptvxwYn|§c|vx|
¬@h2p¨<hghNnÒ¬|evxv~neYGs{rqh/§pqwYrqhWÂv~nÒptceh/esap(s¿ptrq|u2pqerth/s{t§wugv~spqhN[¨0v®ptcÆpqceh/YhgnehNrtspqhN[¬eev~~evxne
±
ww{pqertvxnBp(g» BhNrqh¿sBsv~nÈ}	pqceh"¬eev~~evxneÁqv 9NhNﬂsrthu(cewB§hNn«rts{n|w{fi~Á¨0cevx~h"rqhW§@hNu2pqv~neÂptceh"ugw{nz
§pqr(sv~nBpVw
±
fiv~nev~fefs{n|f/s v~fefÓ§v:9ghWg»ÌbcevVfih2ptcewvqvxfie~hs{n|ÂuNs|s{¬exhw
±
YhgnehNrtspqv~ne
¬|evxv~ne
±
wwpterqv~nBptwYnnewYn"ugw{nª{h Äv~q~h2ptN»
b. c.a.
back
front
footprintintermediate
×	v~{erthÚ4Î×eww{pqertvxnBp({hgn|hgr(sapqv~w{n
±
w{r0¬e|vxv~neYN»
 
¤e¡N¢¡g¢
Ü
%
{hgn|hgr(sapqhWs{rtu(cevxpqhWupterts{|sn*in|sapterts{*§pxhWg»7bceh§pxhWs{rqhr(sn*w{fi~ﬂu(cewB§hNnivxnys
qh2pw
±
~v~¬erts{rqv~hN<sn*Äs{t§v~{n|hNiptwrtwYs{|g}B¬eev~~evxneBsn|/*srt²N»	lonyw{r(hNrptwc|s^ªYhs¬@h2pqpqhNrugw{nBpqrtw{
wYnpqc|h§pB~hev~§pqrtvx¬|pqv~w{nÈ}wYnehu2wYe|qhhNn|§vxp¿f/s|Vpqwfis{²{hGptcehip~hNVehg@hgn|hNnBpÌwYnpqceh
ev®ÍhgrthgnBpu2vxps{rqhWs{N»
E(EGFAHIJ1J1K
2^  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
     %ﬃ 	ﬀ
&  %ﬀ
	&ﬁ  	
bc|v~qhNuptvxwYn[qcewa¨Vc|wa¨´erqwughNer(sfiwehg7|sr(sfihgpqhgr(Vs{rqh{hNnehgr(sapthNYvxªYhgn[s{nÂvxnBpthgrtfﬂhWvsapqh
ugv®pfiwehgs{n|¿sic|sn*zSf/sYhGxv~¬er(srtÄw
±
ertwu2hNeerts{Èfiwhgg»<×ewYrhNsYu(c"hNnBpqvxp
Õ
rtwYsYÊ}e¬e|vxv~ne|}
hgptu{» ÖKw
±
ptcehyv~nBpqhNrqfihNev~spqhyugv®pÁfiwhgS}7w{erﬂs~{w{rtvxpqcef §hNxhWuptvxn¯pqcev~v~¬erts{rqÒw{nehyerqwughNer(s
fiwhNepqc*sapÔep(¨<hg~e¨0vxpqc/ptcehV§pxhw
±
pqcevhNnYptv®pY»ÎbcehgnÈ}Bvxp{hNnehgr(sapthN7ptcehv~neep<|sr(sfih2pthgr(
±
w{r
ptcehÄqhg~hNupthNÒertwughN|rts{	fiwhNP»Ä8s{u(cÆerqwughNer(s7fiwhgw
±
pqceh/~vx¬|rts{rqvhgn|uNs|qesapthNÒvxnBpqw
siØÌÂÇÙBÚh$pthgrtnäÌbVä
Õ
§hNhŁhNu2pqv~w{nBÖ2»<bc|hs~{wYrqvxpqcef{hNnehgr(sapthNw{n|hGØÂÇÙBÚÔ|~h@hgr
hNnBpqvxp{»8×	v~{erthG/§c|wa¨0sn¿h$esfie~hGw
±
si¬eev~vxn|ÄhNtu2rtvxepqv~w{n¿h$esfie~hG|qvxn|Äs
±
ww{pqertvxnBpW}ep¨<w
Å*wBwYrt<sn*Äs{^§sYu2hNn|u2Äespts|»7bc|hertwu2hWer(s|fiwhN@*§hWyvn*sfihN 58|vxe 2Y»ÎbcehÌj
å&±
wBw{pqertv~nYp
vhWqugrqv~¬@hNﬂ¬pqc|hu2ww{r(v~n|sapthN7w
±
vxptªYhgrqpqvu2hW7{v~ª{hgnﬂv~nÄsGu2~wu(²¨0v§hwYrthNr7vxniptceh0Ô|hN~ ﬂﬀ 
1¹º	S»
bc|h
 -
ÌÔ|hg/v~n|vugsapthNpqcehnB|f¬@hgr<w
±
Å|ww{r(7ptcehV¬e|vxv~neertwptwp@hf|§p8YhgnehNrtspqhY}Ysn*ipqceh
µ #gµ t·gº	 ·®¶?$/Ô|hgÁu2w{nBp(sv~nÂpqc|h/cehgv~{cBptw
±
ptcehÄs{a§s{u2hNnBp¬|evxv~neY
±
wYrGhNsYu(c
±
rtw{nBpts{{hY»ﬂbceh
sY^§s{ughgnBpV¬e|vxv~nec|hgv~{cBptsrth|qhNptwyerthgªYhgnBpVertwu2hWer(s=fiwhN
±
rtw{fÓ{hNnehgr(saptvxn|/{hgwYfih2pqrtvu
eh2pts{vxwYn
±
rqwYnBptsYhN7ptc|sapsrthwugugx|ehNi¬ﬂsY^§s{ughgnBp¬e|vxv~neYN»ÎbcehV|qhw
±
vxne|p8|s{rts{fih2pqhNrtv~
h e~s{vxn|hNvxnqhNuptvxwYn*»ãw{pqhÌpqc|sp0pqcehGv~fi*wYr§p(snBp0*wYvxnBpw
±
ptcev~V§hWupqv~w{n"v<pqceh
±
sYup0pqc*sapVsﬂª{hNrq
qf/s~esfiw{|nYpw
±
|saptsÌvÎnehNhNhWptwhNtu2rtv~¬*h0s¬eev~vxn|Gw{rsnw{pqcehNrhgnBptv®pY»	bcehqv:9gh0w
±
pqcehÔ|xh
qcewa¨0nﬂvxnﬂptceh0erthgªvxwY|7h$es{fﬂ|xhvÎw{ne~j D{¬YpthNÎv
±
v®pv§pqw{rthNv~nptceh0ØVÂÇ=ÙÚ Vb0×7
±
w{rtfispN»
â8wYn|qhBehgnBptxY}*ptcehivxn|eptÌ|s{rts{fih2pqhNrtVw
±
erqwughNer(sfiwehgYhgnehNrtspqhW
±
w{rGs"u2vxpfisYh¨0vxpqc
2W{|} Y{G¬e|vxv~neY¨0v~x=rqh Y|vxrthwYne~yjY{¬w
±
fihgfiwYrqY»7×|erqpqcehNrqfiw{rthpqcev0fihgfiw{rtÄqv 9NhÌ¨0v~~È¬*h
ertsYptv~uNs~x/rthN*u2hN|qvxn|ptcehu2wYfierqhWqqhNy¬ev~n|srt
±
w{rtf/sap0erthNqhgnBpqhWyv~n§hWuptvxwYn"j|» e»
    
ﬃ  ﬀ
 ﬂ% 
ä|r"q|s{ughÒqe¬vxªv§v~w{nÃfﬂhgpqcew&f/s²{hWÄ|qhÆw
±
ptcehÒYhgnehNrtspqhW vxnBpqhNrqfihWv~spqhÆu2vxp¾fﬂwhNP»4l°p
qe¬v~ªBvhWÌpqcehin|s^ªv~YsaptvxwYnÒq|s{ughv~nBpqwj
å
ughg~~Gehg~vxfivxpqhNÆ¬¿pqc|h/rqwBs{eÌsn|Æu2rtwYtqrqwBs{eN}*wYn|u2h
ptcehgv~rs{t§wu2vsapthN
±
ww{pqertvxnBp(Vc|s^ªYh¬@hghgnÒh$pqrt|hWÊ»G×	vxYerqhﬂÙyqcewa¨Ìsyq|s{ughqe¬@evxªv§v~w{nÂrthNqexpN»
bc|hh Bptrq*hN[rqwBs{
±
wwptertvxnBptÌsrthqe¬v~ªBvhW[v~nBpqwpqcerthghﬂnehg¨ u2hg~VptwrthNe|u2hpqceh/qv 9Nhw
±
pqceh
ØÌŁ{hNnehgr(sapthN"¬Äpqc|hªv~qv~¬evx~vxp"ugw{fiep(sapqv~w{n|rqwu2hWq
Õ
qhghqhNu2pqv~w{nje» BÖ2»0s{u(c¿rthNqe®ptvxn|yu2hNx
vhWqugrqv~¬@hNÆ¨0v®ptc¯s¿nehg¨ ØÌÂÇ=ÙÚy¬eev~®pqzSv~n«newhÄn|s{fihN 0aº	a·	·g¸¹¸sn|Áts^ª{hW[v~n«§hN|sr(sapth
ØÌÂÇÙBÚÌÔ*xhW
Õ
×v~{|rqh 2NYÖ2»	bc|hÌughg~*w
±
pqceh×	vxYerqh 2NGc*s{p¨8wsY^§s{ughgnBp<ughg~~pqc*sap0srthrqh
±
hgrtrqhW
ptw¿|§v~ne"pqc|hgv~rGrqhN~spqv~ª{hﬂerqv~n[ptcehiÔ|hg t·g¸¹¸ & 
¸ »Äbceh rtÎnewp(saptvxwYnÒ|qhN[pqw¿rth
±
hNrpqw"pqceh/ughg~~
vs{nÒh Bpthgn|ehN rt~vx²YhipqcewB§hi|qhNÒpqwrth
±
hNrpqwh BpthgrtnÁäÌbVäÌg»/¼Æh/c|s^ª{hiv~nBpqrtwe|u2hWÒvxpGpqw
s{x~wa¨'n|wehNGptwrqh
±
hgrGptwÂwptcehgrnewhNs{n|Á§@hNugv~s{x~Òpqwrth
±
hgrpqwÂu2hNx*§v~ne¿pqc|hgv~r
å
×Ãn*sfihN
hNª{hNnipqcewYe{ciptcehg/srthnew{pv~n/pqcehÌqs{fihÔ|~h{» Vqv~neGpqc|v~8fihNu(c|s{nev~qf¿}Y¨<hVuNsnÄvptrqv~¬epthptcehughg~~
ehNtu2rtvxptvxwYn|s{fiw{neqhg*sr(sapqhWÔ|xhWv~nÄwYrthNrptww{¬eptsv~nÄsYwwin|h2p¨<w{rt²~wYs{Ä{r(snesrtv®pY»=bc|sap
v	pqwts^{}a¨0cehNnﬂsu2~v~hgnBpÎnehghWeÎsughg~P}{v®pwa¨0ne~wYsYe	w{ne~pqc|hehNtu2rtvxptvxwYnw
±
pqc|v~ughg~P»7bceh rt~7w
±
ptceh0s{^§sYu2hNnYpÎu2hNxÎsrth<{hgn|hgr(sapqhWG|qvxn|ptceh0s{^§sYu2hNn|u2GYrts{ecu2wYnBptsv~nehWv~nptcehvxnBpthgrtfﬂhWvsapqhu2vxp
fiwhNP»7bceh<Ô|hge )ﬀ
#ﬂsn* (·2¸¹¸ Aﬀ
 #º #{·ys{rqh<|qhNpqwGhWqugrqv~¬*h<ptceh0u2hg~eu2wYnª{h$ce~S»
å
ertvxne
n*s^ªBv~Yspqv~w{nÈ}*pqc|h|qhgrÌvÌugw{n|§pqr(sv~nehW¿pqw¿p(s^¿¨0v®ptcevxn[pqcehW§hﬂce~~N»bcehﬂenev~w{n[w
±
s~pqcehiu2wYnBªYh$
ughg~~vÌn|sfihWÂptceh/n|s^ªvxBsaptvxwYn[§*s{u2h
Õ
qhgh/qhNu2pqv~w{n«{Ö»ibcehﬂÔ|hN~e )¹¸:#
q·gºÐsn*@)a·
qµg¶B· ¹º	$
s{rqhG*§hW"pqwÄf/sn*s{hGªv§v~¬ev~xvxp"vxn
±
wYrqf/spqv~w{nsn|s{rqhÔ*x~hN¬ypqcehªBvqvx¬ev~~v®p"erthgertwu2hNtqvxne/§pqhN
ehNtu2rtvx¬@hNvxn"ptcehGneh$pVqhNu2pqv~w{nÈ»
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! 2Wj
 	

 ﬁﬀﬂﬃ ﬂ"!#$% &'(!)%*!+
,
.-/!012!3465(%10
7ﬃ8ﬀ ﬂﬃﬂ:9/!;01(<>=
2!)01? &@A%%B(!3
2!)01ﬁC?(D3@	0%%2E
2!)01?(D3@	A'1F' &GH!I4J2E
K
L 2!#-'M N;-/!01H<O
QP 0 L
 5(%10"!#(EI'(&!)'(!;%
9/!01(<)R
%%B(!3S=T<I	,
	UVXWYZWY	[U
\(<3ZW]@	
^<^[VZWYXWY	[
T<<#	ZW
@_
(<#VZWYZWY		
V`ZW]`
@`V(</WYXWY		`
\@@
K
0%%2E 	
'1F' &GH!I4J2Ea=bXWcUZWdZWe
K
f
×	v~{erth 4<ØVÂÇ=ÙÚÔ|~h{hNnehgr(sapthN
±
w{rw{neh¬|evxv~neyhWqugrqv~ptvxwYn|§v~neiptceh,gÌbãVäÌbVä
fihWu(c|snevqf"»
×v~{|rqhGÙ 4 ;ÌhNnehgr(sapthN"§*s{u2hGqe¬vxªv§v~w{n=»
 ih j ﬁ &ﬂ#"ﬃ %   % 
ä|rGªBvqvx¬ev~~v®pÂ|rqhNerqwughNt§v~ne¿u2w{n*§vp(vxnÒÔ|n|evxne¬|evxv~neYN}=rtwYsYesn|ÁugrqwBqqrqwBs{eV*w{pqhNnYptv~s{x~
ªv§v~¬e~h
±
rtw{f;hWs{u(c[ughg~P»lon[wYers~{w{rtvxpqcef¿}@¨0cev~u(c[v~Ìnew{pugw{n|qhgrtªasapqv~ª{hY}|¨<hﬂugw{fiepthﬂsyØÌŁ
±
w{r
E(EGFAHIJ1J1K
2N  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
 	

 ?*&002<%$00R
&;000 = L 00EN&002<I
 P 0; H&;002<3 L W
L 00EN&002<I	
 P 0; H&;002<3	 L
K
&#J/!01 =
K
&;%$'4G(!#2E =
K
&;%%1%%12!#'R
B % !# =
[V
\	@@V,
V_ Wd@[ 
@@_`A@V
@	` W
[ <O
\`	U@(<I_,
^<I	(< Wb[ <O
`	U[ @(<I_
^<#	(< W
@[ 
\@@_` [ @V,
@	` Wb[V
	@[ @V
V_
K
f
&;00	%%12D#1 =
 W <>Wd	 W
<>Wc@ We[SW V W
< W
<>W  WdV Wb[ W
<>Wc	 W <>Wb[ W
@ W
<>WdSWd	 Wc@ Wc	 W
<
K
f
×	v~{erth32N 47ØÌÂÇ=ÙÚÔ|xhYhgnehNrtspqhN
±
w{rsiughg~=hNtu2rtv~pqv~w{n|§v~neÄs 0aº ^· Î·g¸¹¸7¬eev~®pqzSv~n¿newh{»
hWs{u(c u2wYrqnehNriw
±
ptcehÂu2hNxS»Ubcehen|vxwYn:w
±
ptcehw{¬p(sv~nehN:ØŁ/YvxªYhNpqcehØÌŁ:w
±
pqc|hÂu2hg~S»¾lon
wYerqpthgf¿}	pqcehØÌŁÁw
±
sÂu2hNx<u2w{rtnehNrv~u2wYfﬂ|pqhWÁvxnÐtu2rthghNn«§|sYu2hÄ¬ÆrqhNn|hNrqv~ne¿pqc|hyqughgneh
±
wYr§v ÒuNsfihgr(s{c|s^ªvxn|yptcehÄqs{fihÄâ0ä
Õ
ughgnBpqhNrGw
±
erqw{hNu2pqv~w{n*Ö2»ﬂ§c|wa¨0n[v~nÒÔ*{erth 2 2Ns|}Êpqceh
ªv~hg¨ v~rthNuptvxwYn«w
±
hWs{u(c¯uNsfihgr(sv@hgrt*hNn|vu2esrpqwÒw{neh
±
s{u2hw
±
s[¬*w Ê»ÆŁ|u(cÑs¬@w «¨0vx~¬*h
uNs~xhW«rthgn|hNrqv~neÂ¬@w 
±
rqwYf­newa¨ w{nÈ»Ábceh¿â0äÉ§c*srthNÁ¬Æpqceh¿§v ¯ugs{fﬂhNrtsYGvptcehughgnBpqhNrw
±
ptcehrthgn*hgrtvxn|Ä¬*w Âs{n|¿pqc|h×	äØ
Õ
Ô|hgÂw
±
ªvxhN¨VÖ0w
±
hWs{u(cÂuNsfihgr(s/vVh Y*spqw	ÄhN{rthghNN»Vbceh
|rqw{hNuptvxwYnyesn|hGw
±
siuNsfihgr(sﬂv~0s
±
s{ughGw
±
pqcehGrthgn|ehgrtvxnei¬@w Ê»7×	v~{erth322N¬"qcewa¨8pqcehG@wYqvxpqv~w{n|
w
±
ptceh/rqhNn|hNrqv~ne¿¬*w hW¨0vxpqc|vxn¯s¿u2hNxS»Äbceh/hNvxYcYpGrthgn|ehgrtvxne"¬@w hWw
±
s¿u2hg~srthinewpughgnBpqhNrqhW
sppqcehÄugw{rtnehgr(g»ﬂsaptcehgrW}=s"¬@w Òu2hNnYpthgrGves{u2hWÒugxwB§hﬂptw¿s¿ugw{rtnehgrGqwptc|sapptceh/¬*w Ò¬*h/v~n|qv~h
ptcehÌ¬*wYrthNrtw
±
ptcehughg~@pqc|sps{rqhVqee@w{rqpqhWÄ¬ﬂpqceh
±
rtw{nBpts{{hNw
±
ptceh¬|evxv~neYN»7lonÄptcev~<¨s^{}Ypqceh
±
rtw{nBp(s{hW<w
±
ptcehG¬eev~vxn|Y0¬@hNugw{fihwuNu2~|hNrt¨0cevu(c"rqhW|u2hW<pqcehqv:9ghw
±
pqcehGØÌŁN»
×|w{rihNsYu(cÐugs{fﬂhNrts|}s~<pqceh"{hNw{fih2ptrqvuÄwY¬hNu2pt
Õ
{hNnehgr(sapthN«*§v~neÒpqceh"fih2pqc|wÑh$esv~nehW¯v~n
qhNu2pqv~w{n je» {Öis{rqh¿rthgn|hNrqhWÊ}<¨0cev~u(c YvxªYhN	Æv~f/s{hWg»&bceh{hNw{fih2ptrqvu"w{¬hWuptÄfis^Ð¬*hrtwYsYeg}
ugrqwBqqrtwYs{|Îw{r<¬eev~~evxneBg»bwiu2w{fieepqhÌrts{ev~exiptcehNqhv~f/sYhNN}YptcehÌrqhNn|hgrtv~nev*hNr
±
wYrqfihW/|qvxne
s{n¿ä@hgn ;ÇÒ{r(s|cev~uNc*sr(¨<s{rqhsn|ÄpqcehÌ¬*wYen|v~neﬂ¬*w Äw
±
hNsYu(cywY¬hNu2p8v0u(cehNu(²YhN
±
w{rv~nBpqhgr(qhNuz
ptvxwYn[¨0vxpqcÆpqc|hﬂªv~hg¨0v~ne
±
rq|§pq|fw
±
ptceh/ugs{fﬂhNrts|»l
±
ptcehi¬*wYen|v~ne¿¬@w ÂvxnBpqhNrtqhNu2ptpqc|h
±
rt|§pqef¿}
ptceh/fiv~|xhÄÇ7ä
å
Õ
qf/s~nef¬@hgrGw
±
@w{~BYw{n|(Öv~rthgn*hgrthN
±
w{rptcev~ugsfihNrts|»ﬂpqcehW§h/Ç7ä
å

rthNq@hNuppqceh¬eev~~v~nece~
Õ
§hNhV×	vxYerqh 2gBÖÎ¨8hVewnewp<vxnBptrqw|ughwugugx|qv~w{nihgrtrqwYrtN»bc|hw{¬hWup(g}
v~n|v~ªv~e|s~x/ts^ª{hWivxnys§hN|sr(sapth0Ø[Ç=ÙBÚÔ|~h{}srth~wYs{ehNi|qvxn|sf/s{vxnÄrtwwpÔ*xhVpqc|sp<rth
±
hNrpqw
ptcehgfË|§v~ne'º*¸ ¹º@·ÄnewhNN»×	v~{erth 2^yqcewa¨pqc|rqhNhi 2W | 2Wiv~f/s{hWVYhgnehNrtspqhW
±
w{r,¿ugs{fihgr(s{N}
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! 2^
a. b.
cop
dir
p
Buildings
Cell
Buildings
×	v~{erth 2 24
Õ
Ô|*»BsBÖhgn|hNrqv~ne¬*w  4änehw
±
pqcehqv yuNsfihgr(sGvv~nyrthNÊ}vxp<v<h2Ô|n|hNÄ¬/vxptu2hNnBpqhgr
w
±
ertwhWuptvxwYn
Õ
u2w{@Ö}=vxptvxrthNu2pqv~w{n
Õ
evxrÖsn|ÒvxptGertwhWuptvxwYnÒesn|h »
Õ
Ô*|»È¬*Ö40hgn*hgrtvxn|"¬@w 
@wYqvxpqv~w{n|v~n|qv~hGs/ughg~
Õ
pqwY¿ªBv~hg¨VÖ2»
hWs{u(cÆw{neh/sYqqwu2vsapqhW[¨0vxpqc«s¿vxÍ@hNrqhNnBprqhNn|hgrtv~ne¿¬*w Ê»ÄVGqcewa¨0nÆvxnÁptcevÔ|{|rqhY}=s"erqwughNer(s
fiwhNP}Êrth
±
hNrqrthN¿ptw¨0vxpqcÁsn º*¸ ¹º@·in|weh{}ÊvGv~qes^{hW¨0v®ptcÆsyenev"Beh/u2w{~w{rÌ¨0cevu(c[vs{t§v~{nehW
ptwÄptcehfihgfiwYrq¿@w{v~nYpthgrÌ*wYvxnBptvxneypqwypqcevVv~ne~vxn|hnewhY»ÌŁw*}@pqcehiu2wYnYpthgnBptVw
±
ptcehv~f/sYhv~rqhWupq~
YvxªYhN	ptcehfihgfiw{rt@w{v~nBpqhgr(Îw
±
s{xepqcehC2º|¸ ¹º·n|wehNÎªv§v~¬e~h
±
rqwYf pqc|hÌâ0äÁw
±
pqcevuNsfihgr(se»Îâ8w{nz
qhBehNnBpq~{}@pqcehﬂu2wYnYpthgnBptw
±
s~=ptceh /v~fis{{hWVYvxªYhN0ptcehﬂfﬂhNfiw{rt@w{v~nBpqhgr(w
±
pqc|h32º|¸ ¹º·ﬂnewhN
ptc|sapf/s²YhNe[ptcehﬂØÌŁ[w
±
ptcehiu2hg~S»ãw{pqhpqc|spÌwYnehﬂugw{eÂ*§hpqcehÄä@hgn ;ÇÑwugu2~|qvxwYn BehNrq
h pqhgn*§v~w{npqw/q*hNhN"e"pqcev0ertwu2hWqN»
lons{|v®ptvxwYnÈ}
±
w{rhWs{u(cuNsfihgr(s

Õ
w
±
pqceh uNsfihgr(s{s{tqwugv~spqhW/¨0v®ptcsﬂughg~Ö2}¨8hGugw{enBppqceh
nef¬*hNrw
±
ev hN~ u2waª{hNrqhWÆ¬BÆhNsYu(c«ªv~qvx¬|xh º|¸ ¹º@·newh	B»[bcehÄptwp(snef¬*hNrw
±
ev hN~
 




 

u2waªYhgrthN/¬"sªv§v~¬e~h º|¸ ¹º@·Gn|weh	v<pqc|hgn 4
 






  

 	
 
Ç=h2p  ﬀ+	ﬁﬂﬃÌ¬*hpqcehnB|f¬@hgrVw
±
º*¸ ¹º@·newhWªv~qv~¬exh
±
w{rptceh Äugs{fﬂhNrtsYg»bcehpqwp(snB|f¬@hgrVw
±
ugwaª{hNrqhW/ev hN~  





 ! "ﬂ #ﬃ
±
wYrpqceh uNsfihgr(s{<vpqcehNn 4
 





 
 ! $ﬂ #ﬃ


%
 &('$)+*,.-/
 





 

E(EGFAHIJ1J1K
2ﬀD  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
×	v~{erth32W 4bcerqhNhvxÍ@hNrqhNnYprthgn*hgrthN"v~fis{{hWg»ÎsYu(c¿¬eev~~v~neÄvvqe~s^YhN¨0v®ptcsienev"Y|hu2w{~w{r
ugw{rtrqhW§@w{n*vxn|ptwys/fihgfiwYrq"*wYvxnBpthgrptc|sapÌ*wYvxnBp(0pqwÄpqceh3º|¸ ¹º@·newhhWqugrqv~¬ev~ne/ptceh¬e|vxv~ne|»
bc|h0¬|s{u(²{rtw{|n|vv§|~s^YhNvxni¨0cevxpqh
±
wYrsªv~q|s|erq@wYqh0¬ep<§cewYe¬@h¬es{u(²qv~n|u2hsGã VÇ=Ç
fihNfﬂwYrq/@w{v~nBpqhNrc|s{0sﬂªas~eh e»
bc|hVâ B
Õ
=ªYhgr(sYh0â8waªYhgr(s{h Bv~nYpÖ}Bhgnew{pqhW  {}Ys{tqwugv~spqhW¨0vxpqcihNsYu(cªv§v~¬e~h 2º|¸ ¹º·0newh
 v0u2wYfﬂ|pqhW"sY4
  


  




 

 





 
 % "ﬂ #ﬃ
bc|hÌ|rqwY*hNr§ptvxhWw
±
ptcehVâ B6ªas~ehN0s{rqhÌptceh
±
w{~xwa¨0v~ne 4

	
 ﬀ. ﬁﬂﬃ

  
	




%
  &
' ) *,+-

  


¨0v~~¬@hﬂqhghNn[sapthgr
Õ
§hNhﬂqhNu2pqv~w{nÒYÖ}@pqwf/s²{h¨<s{x²BptcerqwYe{c¿fiw{rthhgÏÄu2v~hgnBpN}@pqc|h¬e|vxv~neY
ugxwB§hWpVpqwpqcehiu2ertrthgnBpu2hNx7f|pÌ¬*hÔ|r(pwa¨0ne~wYsYhNÊ»Ìb=wypqcevÌhgn|È}*ptcehº|¸ ¹º@·ﬂnewhWg}ªv~qv~¬exh
±
rtw{f sughg~P}{s{rqhqw{rqpqhNs{uNu2w{r(v~neptwÌpqcehNvxrv§ptsn*u2h<pqwÌpqc|hughgnBpqhNr7w
±
ptcehu2hNx¬@h
±
wYrqh<¬@hgv~neGu2w{|vxhW
v~nBpqwpqcehGughg~   .¹¸ #
q·gºÂÔ*hg
Õ
qhghÌÔ|Yerth 2NBÖ»ÎbcehGs{tqwugv~spqhWÄVâ BVªas~ehW<s{rqhÌu2wYevxhWÄv~nBpqwﬂpqceh
Ô*hg )^·
qµg¶B· ¹º	$
Õ
qw{rqpqhWyv~nyptcehtsfihw{r(hgrÖ»
8fihNnYptvxwYnehNÄvxn"§hWupqv~w{nje» jpqcehÌh$ptrq|ehN/rtwYsY
±
wwpq|rqv~nBpts{rqhÌ§|¬@v~ªv~ehNÄv~nBpqwpqcerthghÌu2hg~g»
bc|v~Gs{x~wa¨ptw¿rqhW|u2hpqc|hiqv:9ghiw
±
pqceh/u2hNxÊØÌŁN»ﬂlon|hghWÊ}Êptceh/nef¬@hgrw
±
ªv~qvx¬|xhiw{¬ehNup(Ìv~
ªYhgrtcev~{c/¨0c|hgnipqc|hªvxhN¨0*wYvxnBpv~wugsapthN/spw{nehVw
±
pqcehptrqhNh2phNn|eN}Bqw|}Y|§v~nesGqv~ne{~hVu2hNx
±
w{rs
§pqrthghgp<¨<w{|~y{hgn|hgr(sapqhce{hÌØÌŁeg»×|er§ptcehgrtfiw{rth{}s{qcewa¨0nÄv~nyÔ|Yerth 2Wj{se}B¨0cehNnyrthgn|hNrqv~nepqceh
tu2hNneh
±
rtw{f;sÄªv~hg¨0@w{v~nBpN}@e~sYu2hWÂsapÌw{nehw
±
pqc|hh$ptrqhNfﬂvxpqv~hNw
±
su2hNx7sn|Âxww{²v~neyspVpqc|h{rthghNn
¬|evxv~neYN}Êf/snw{¬ehNup(
Õ
rthNÂv~nÒpqcehÔ|{|rqh^Ö~wugsapthN[¨0v®ptcevxnÒpqc|hﬂªv~hg¨
±
rt|§pqef srthnehNhN~hNtqx
qhgnBp<pqwﬂpqc|hÌYrts{ecevug8c|sr(¨srthV¨0cehNrqhWs{pqcehNysrthÌnewp0ªv~qv~¬exhY»Îb=wiu2wY*h¨0vxpqcpqcevertw{¬e~hgf¿}w{neh
ugw{eÄqe¬vxªvhpqcehptrqhNh2p<vxnBpqwf/sn/u2hg~g»ÎbcehÌu2w{n*§h Y|hgn|ughv~8ptc|sap<ªBvqvx¬ev~~v®p/Yh2pt8¬@h2p§pthgr
±
w{r
hWs{u(cÆu2hg~7¬epGptcehiØÌŁw
±
ptceh/u2hg~Gu2w{nBp(sv~n[rthNen*esnBpGesap(se}Ê¨0cevu(cÆertsYptv~uNs~x¿v~n|u2rthNsY§hpqceh
fihNfﬂwYrqÒ§v:9ghiw
±
pqc|hÄesap(s¬|sY§hY»i0u2pq|s{x~{}v
±
¨<hÄ§e¬v~ªv~hiptcehÄ§pqrthgh2pv~nBpqw
±
w{|rGw{rGfiw{rth/u2hg~g}
ptcehip¨<w¿ughgnBpqhNru2hNxGnehWsrtxÂc*s^ª{hﬂpqcehÄtsfihiØŁ»×|er§ptcehgrtfiw{rth{}È¨0c|hgnÁ|qvxne¬|vxY{hN§pu2hNx¨8h
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! 2aÚ
uNsnÁertwaªv~hpqc|hÄerth
±
h2p(u(cev~neÂs~{wYrqvxpqcefË¨0v®ptcÆ¬@h2pqpqhNrrthNqe®p(
Õ
qhghÄqhNu2pqv~w{n¯{Ö2»ybcevGv~¨0cÂ¨8h
|rqh
±
hgr8pqwqe¬v~ªBvhpqcehÌptrqhNh2p(v~nBpqwptcerthghughg~~
Õ
×v~{|rqh 2Nj¬@Ö}B¨0cev~u(cyv~<v~nÄw{er<w{|vxnev~w{nÄpqcehÌ¬*hWp
ugw{fiertw{fiv§hY»
cell cell
a. b.
×	v~{erth 2Wj 4bcehughg~~srthrqhNerthNqhgnBpqhW¨0vxpqcÒsÄ¬e~ehugw{~w{rW»0bceh¨0cevxpqh¬eev~~evxneBs{rqhptcewYqhptc|sap
s{rqhnewpiv~nÐptceh¿ØÌŁÐw
±
ptcehu2hNx<pqc*sapÄu2wYnYp(sv~n|pqceh¿ªvxhN¨0*wYvxnBpW»Ðbceh"¬eev~~v~neBv~n:¬erqwa¨0nÑsrth
v~n¯ptceh¿ØÌŁÑsn*
±
rt|ptef u2|x~hNÊ»Ñbceh¬|evxv~neYﬂv~nÑYrqhNhgnÐs{rqhvxnÐpqceh¿ØŁÐs{n|ÐqhgnBpﬂpqwÒpqceh
Yrts{ecevug8c|sr(¨srth{»	bcehrthNyw{nehWsrthv~nÄptcehØÌŁsn|"qhgnBp8ptwptceh{r(sec|v~uNc|s{rte¨<s{rqh¬|psrth
n|wpªBvqvx¬e~h{»ﬂ×	vx*» s	4bcehiØŁÂw
±
pqc|hﬂ¬@wpqpqwYf;rqv~{cBpqfiwBpGu2hNxÎu2wYnBptsv~n|pqc|hﬂrthN[ee@hgrG~h
±
ptfﬂwBp
¬|evxv~neYN»Á×v~|» ¬ 4Ä
±
pqhgriu2hNx0qe¬vxªv§v~w{n¯pqcehnehg¨4¬@wpqpqw{frtv~{cBpqfiwY§pughg~8vqf/s~xhNrﬂs{n|«vxpt
ØÌŁ/whWnew{p<u2wYnBptsv~nipqc|hVrthNiee@hgr<~h
±
pqfiwBp¬|evxv~neY<snfiw{rth0¬*hWugs{|§hpqcehNis{rqh0c|v~eehgnÄ¬
ptcehG{rthghNny¬e|vxv~neYN»
äer<ªv~qv~¬evx~vxpiqw{~ptvxwYnÄv~8new{pugw{n|qhgrtªasapqv~ª{hs{n|/ptcehÌerqhWu2v§v~w{n/w
±
pqcehÌªv~qv~¬evx~vxpiugw{fiep(saptvxwYn
vﬂf/sv~nex«rthgsapthNÁptwÆpqceh"*wB§vxpqv~w{nÑw
±
ptceh¿rqhNn|hNrqv~ne[¬@w hNvxn*§vh"pqceh¿u2hNxisn|¯pqwÒpqceh¿ev hg
rthNqw{~ptvxwYn¾w
±
pqc|hÆuNsfihgr(s{N» Bwa¨<hgªYhgrW}0s{/ptcehÒpqw{@w{~w{YÑw
±
pqcehÁu2hNxÄv"²newa¨0nÈ}pqc|hgrth[vynew
|rqwY¬exhNf ptw«Ô|n| wYpy{ww:*wB§vxpqv~w{n*
±
w{r/ptcehÂrthgn|ehgrtvxne«¬@w hN
Õ
×	vxYerqh 2 2g¬*Ö2»K×|erqpqcehNrqfiw{rth{}
sYÌpqceh/rthgn*hgrthNÒw{¬hWup(Gsrth¬e|vxv~neYs{n|ÆrqwBs{e
Õ
¬evx¿wY¬hNu2pt(Ö}s 2W | 2W/rthNqw{~ptvxwYnÒqhghgf/
hNnew{|{cpqw/s^ª{wYv~yªBvqvx¬ev~~v®p"srqpqv
±
s{up(g»
     ' 
     % 
än*u2hªv§v~¬ev~xvxpGc|sY=¬@hghNnu2wYfiepqhW
±
wYr7s{xYpqc|h<ughg~~N}aw{er7q§pqhNf´{hNnehgr(sapthN=snehN¨¯Ø[Ç=ÙBÚ0rqww{p
Ô*xhpqc|spu2w{nBp(sv~n|8sﬂqh2pw
±
 · 	¹º 8n|wehN8pqc|sphNtu2rtvx¬@hN<sﬂu2hgrqpts{vxnnef¬@hgrw
±
ªBv~hg¨0@w{v~nBptsap
¨0c|v~u(c/ptcehÌ|§hNr<uNsny§pts{r§pn|s^ªv~YsaptvxwYnÈ»=lonw{er<v~fﬂ|xhNfﬂhNnBptsaptvxwYnÄ¨<hV{hNnehgr(sapthVwYnexiwYnehVªv~hg¨0@w{v~nYp
ptc|sapv8|~sYu2hNyvxnypqcehÌfiv~|xhw
±
pqcehÔ|r(p{hNnehgr(sapthN/ughg~P»bceh

 ·	 	¹º	<newhÌ¨8h|qhÌugw{nBpts{vxn|
s{nÆsYevxpqv~w{n|s{7Ô|hgÒn|sfihN (·g¸¹¸ &(
¸ »Äbc|v~ÌÔ|hN~ÆvG§hgpGpqwsnÆh$pthgn|hW rtÎ*wYvxnBpqv~ne¿ptw¿s"ªas~v
ughg~newhY»4u2hNx8newh/rth
±
hgrtrthN[pqw¨0vxpqc«w{n|hﬂw
±
§|u(cÆªvxhN¨0*wYvxnBp(Gv~u2w{n*§vhgrthNÆs{xv~ne²{hWÊ»
E(EGFAHIJ1J1K
2W  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 

 · 	¹º f|pﬂxv~h"vxn|qvhÄptceh"ugw{nª{h Æce~w
±
ptceh"sYqqwu2vsapthNÁ~vxne²YhN¯ughg~P»Æl
±
ptcehyp¨<w[s{¬*waªYh
ugw{n|§pqr(sv~nBptﬂsrthyrthNq*hWupthNÊ}pqceh¿~vxne²YhNÑu2hg~0v*§hWÑsYptcehu2ertrthgnBpn|s^ªv~Yspqv~w{nÐughg~0¨0cehgnÑpqceh

 · 	¹º {h2p(¬*wYen|
Õ
v~n"pqcehqhgn*§hw
±
ØVÂÇ=ÙÚÖ»ÎbcehNnÈ}en|s^ªv~Yspqv~w{n§pts{r§p(
±
rqwYf4pqc|hu2ertrqhNnBp
ughg~|qvxn|«pqceh[ªBvqvx¬ev~~v®p:esap(s¯u2wYnYp(sv~nehN:v~n pqcehÒu2hg~VhWqugrqv~ptvxwYn
Õ
§hNh[qhNuptvxwYnU{Ö» än|ughpqceh
n|hg¨6rqww{pÔ|~hv{hNnehgr(sapthNÊ}*¨8hh$*wYr§pÌs~=ptcehespts¬*s{qhGÔ|~hN
Õ
rqww{pN}u2hg~Vsn*¿hgnBpqvxp"Ô|xhWtÖvxnÂs
ugw{fierthNt§hWÄØÌÂÇ=ÙÚ¬evxn*srt
±
w{rtf/sapN»
bceh¬ev~n|s{rq
±
w{rtf/sap7¨8h<ertw{@wYqh8v7sqv~fﬂ|xhr(s^¨
±
w{rtfispptc|sapÎs~~wa¨v~rthNupÎfihgfiwYrqf/se|vxne
wYnÆÇ=vxnﬀÁsn|Æ[ŁÒ¼¾v~n|wa¨Gq§pqhNf/g»yŁv~n|ughisugxv~hgnBpwa¨0ne~wYsYeÔ|~hN|rqv~ne¿n|s^ªvxBsaptvxwYnÈ}Ê¨8h
n|hghNÄª{hgrt
±
s{§p8ptrts{n|§fivqqv~w{n|
±
rtw{fÉptcehn|h2p¨<w{rt²ﬂuNsr(ﬂpqwpqcehÌu2~vxhNnYp  <fihgfiwYrqY»	bwptcev~<hNn|Ê}Bpqceh
Ô*xh
±
wYrqf/spf|§ps~~wa¨Upqws^ª{w{v"sny|s{rtqv~ne/w{n"pqc|hu2~vxhNnBp§vhY»<bcevvVew{nehG¬"|§v~neÄv~rthNup
fihNfﬂwYrqyfis{eev~ne
±
wYrVs~Êpqc|hGÔ|hgeVw
±
pqcehØÌÂÇÙBÚnewhWg»bc|sapv0ptwÄqs^Y}ehNsYu(c¿ª^s{x|hGw
±
pqceh
ØÌÂÇÙBÚÔ|hgeÎvÎfihgfiwYrq|fﬂ@hNﬂptwpqceh0¬|vxn|s{rqÔ|xhs{n|pqcehÔ*hgesrth<rqh
±
hgrtrqhWptwG|§v~nev~nYpth2z
Yhgr(Èr(saptcehgr=pqc|s{n Vb0×7V§pqrtv~neYN»7äer¬ev~n|srt
±
w{rtfisp=|qhN=pqceh8Ô|~hcehWs{hNr
 ﬁ	
65 -/!#'M
»
8s{u(cÄØÌÂÇ=ÙÚÔ|~hugw{nBpts{vxn|8srtwwp8tu2hNnehVYrts{ecipqc|sp<hgÔ|nehW8stu2wY*h¨0cevu(cÄv~8|qhNiptwrth
±
hNrpqw
ptcehÌ|§hNrertwptwp@hNN»sYu(cy|qhgr8ertwpqw{p*hÌs§weh2Ô|nehWstu2w{@hptc|sapfivxYcBp<u2wYnBptsv~nÄw{pqcehNr8|qhgr
|rqw{pqwp@hNN»¼¾c|hgnh$@w{rqpqv~neisrtwwptu2hgn|hÌYrts{ec"w{r0si|qhgr0ertwptwp*hÌv~nYptw/sﬂÔ|xhGsYugu2wYrtevxnepqw
wYer¬ev~n|s{rq
±
wYrqf/spN}|¨<hÔ|r(p¨0rtvxpqhGptcehnef¬@hgrVw
±
ertwpqw{p*hWg}rth
±
hNrqrthNpqw/¨0vxpqc¿ptcehsYqqwu2vsapqhW
tu2wY*hY}|qvxn|sjBa¬evxpt7v~nBpqhgYhgrW»ãVh$pN}YhNs{u(c*A 
  
wYr  
 
A  *A 
  
vÎvxnivxpt	pterqni¨0rtv®pqpqhNn
v~nBpqwypqcehﬂÔ|~h{»G¼Æh¨0rtvxpqhisn[{¬ev®p(ÌvxnBpqhN{hNrªas~ehpqw¿v~§pqv~neYev~qc *0 
  
$sn*  
 
0 C*A 


  
$»Îbcehv~nYpthgr
±
s{ugh0w
±
pqceh¨0rqvxp§pthgn/ertwptwp@h0v~pqcehNnÄhgn|ugwhNi|qv~ne Vb0×7§pqrtv~neY7ptwhWqugrqv~¬*h
ptcehÌÔ|hgypB@hNs{n|ÄptcehÌÔ|hgÄn*sfihNN»ÎbcehÌÔ|hge0h
±
sexp0ª^s{x|hNsrthV¨0rtv®pqpqhNn|qv~ner(s^¨UfihgfiwYrq
±
wYrqf/spN»n|hNr<Ç=vxnﬀ/wYr8[ŁÄ¼¾vxn|ewa¨g}BvxnBpthg{hNrtN}Å*wYsap(8s{n|/§pqrtvxneB8s{rqhvxrthNu2pq~ﬂeefi*hW
±
rtw{f
fihNfﬂwYrqﬂptwÔ|~h{»Îl
±
ptcehÔ|hgÄv8sf|®ptvxe~hÔ|hgÊ}BpqcehÌnef¬@hgrw
±
ª^s{x|hN<v~8¨0rtv®pqpqhgn|qvxneﬂsjBa¬evxpt
v~nBpqhN{hgr|§p¬@h
±
w{rth¨0rtvxpqv~neÄptcehs{rqr(s^yw
±
ªas{xehWptc|sapÌv~Ìefi@hN
±
rqwYf½fihNfﬂwYrqY»l
±
pqc|hÔ|hN~Âv~
s{n ³ -#Y·"w{rﬂsnﬁ	
 -#Y·2}7hNsYu(c«newhugw{nBpts{vxn|hNÆ¬ÒptcehÄÔ*hgÁv~¨0rqvxp§pthgn«|qv~neÂptcehÄ¨0rtv®ptvxne
fihWu(c|snevqf h$esv~nehNcehNrqhWs
±
pqhNrN»bc|hGerqw{pqw{pB@hÌ¬*wv~0¨0rtvxp§pqhNn¿|§v~neﬂpqc|hqs{fﬂh
±
wYrqf/sp<ptc|sap
ptcehw{nehÌ|qhNypqwi¨0rtv®pthnewhWg»Î¨8hGugs{nyc|s^ªYhÌev®ÍhgrthgnBp²Bv~n|ew
±
newhG|hptwptcehertwpqw{pevxn|
fihWu(c|snevqf"}{¨0cehgn/¨0rtv®ptvxn|snewh0¨8hÔ*rt§p¨0rqvxpqh0vxptn|sfih0v~n Vb0×7Ìpqh Bp
±
w{rtfisp
±
w{~xwa¨<hN¬vxpt
nef¬*hNr8w
±
new{n"h
±
s{exp8Ô|hN~|
Õ
¨0rqvxp§pthgnÄÔ*hgetÖ2»ÎV8pqcehÔ|hN~yn|sfihN<srthv~nª^s{rqvsnBpv~n|qv~ehÌsnewh{}
¨<hqw{rqp0pqcehNfÓvxnÂs{nÂs~ec|s¬@h2ptv~uw{r(hgrsn|sYqqvxYns/nef¬@hgrVpqwÄhWs{u(c¿w
±
ptcehgf¿»bcehGÔ*hgeptc|sap
s{rqhGn|wph
±
sexpVÔ*hgeVs{rqhptcehgnÂ¨0rtvxp§pqhNnÂv~nYptwipqcehÔ|~h¬ÄÔ|r(§pV¨0rqvxpqv~ne/ptcehgv~rsYqqwu2vsapthN"nef¬@hgr
±
wYx~wa¨<hNﬂ¬ptcehgv~r8ªas{xehY»	bc|hÔ|hN~/nef¬*hNrv¨0rtv®pqpqhNnÄ|qvxnesGrts^¨:v~nYpthgYhgr¨0c|vx~h0pqc|hÔ|hN~/ªas{xeh
vÌ¨0rqvxp§pthgnÆ|qvxne"ptceh/qs{fﬂhﬂfih2ptcewÒsY
±
wYrGäÌbVä Ô|hN~eGeh
±
s|®pGªas~ehNN»bc|h¬ev~n|s{rq¿Ô|~hi¨8h
wY¬pts{vxnyv~pqcehNnugw{fierthNt§hWi|§v~nepqceh 9g~vx¬ = 2N>xwBqqxhWq8esap(sazou2wYfﬂ|rqhWqqvxwYnixv~¬er(srtﬂs{n|/h$@w{rqpqhW
*§v~neﬂpqcehGh pqhgn*§v~w{n A
g»
 
87 y	2!mﬀ2"! "!
lonÒpqc|v~qhNu2pqv~w{nÆ¨8hi¬ertv~h2Å|Â|rqhW§hNnYpptceh/nehg¨ Ø[Ç=ÙBÚtu2rtvxepqv~ne¿~s{ne{|s{{h¨8hic|s^ªYhﬂhNª{hNxwY*hW
ptwyhWqugrqv~¬*hGwYerertwu2hWer(sÈfiwhgN»0ptcehØVÂÇ=ÙÚﬂ<â<ÂÌŁu2rtvxepV~s{ne{*s{hG|rqwaªvhN0s
±
hN¨
±
sYu2v~xvxpqv~hN
±
w{r8{hgn|hgr(sapqv~nej
å
fiwhgs{n|i|srqpqvs*qughgnehYrts{ec/ptrq*upq|rqhWg}B¨8hVerqwY*wB§hs§wYxptvxwYn
¨0c|v~u(c«u2wYn|qv~§ptGw
±
snÁh$pqhNn|qvxwYnÆw
±
pqcehÄÇÈz°qpthgf = a>8sneY|sYhptc|sapﬂs~xwa¨Gq|u(cÁw{@hgr(saptvxwYn|g»
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! 2WÙ
4ÇÈz°qpthgfvGsu2wYnBpqh$pqz°qhgn|qvxpqv~ª{hﬂ|sr(s~xhNÎ{r(sfif/srpqc|sp*hNr
±
wYrqf/rthg¨0rtv®ptvxn|"wY*hNrtspqv~w{n|ÌwYn
qf¬@w{u2wYnBpqrtw{~xv~ne¿s{r(sec|v~upq|r§ptxhY»lon«wYersneY|sYh¨<hÄ²{hNhgÆpqc|hÄ{r(sfif/sr
±
en|u2pqv~w{n|s{xvxp
¬|p¨<hÄwÂnew{pfis{²{h/|qh/w
±
ptceh/pq|r§ptxhÄ*sr(s{v~{f¿»yãVhgª{hNr§ptcehg~hNtN}=¨<h/hNs{qv~xÒhgf|~spqhys"pter§ptxh
ptwhNtu2rtvx¬@hﬂe~s{nBpfiwhN~N»lonÁs{|v®ptvxwYn[ptw"pqcehÄug~sYqqv~uNs7ÇÊzo§§pqhNf
±
en|uptvxwYn|s~vxpqv~hNq|u(cÒsYÌpqceh
§pqwu(c|sYptv~uﬂwYru2wYn|vxpqv~w{nÁ{evhWÒrte~hNu(c|w{vu2hNN}=¨<h/v~nYptrqw*u2hipqc|hÄ*wBqqv~¬evx~vxpÂpqwÂugps¿|s{rts{x~hg
rthg¨0rtvxpqv~neertwu2hNtÈ¬es{ugvxnes

 
Äu(c|sr(s{u2pqhNrÈ¬*h
±
w{rthptceh8rte~hÎpqw¬*h<rthg¨0rtv®pqpqhgnsap=Ô*rt§pN»	bcev~@w{v~nYp
vªYhgrtv~fi*wYr§p(snBp8qvxn*u2hvxp<s{x~wa¨
±
wYrpqc|hVv~n|p(snBpqvsaptvxwYn/w
±
ØVÂÇ=ÙÚÌnewhNN»ÎV<sn/h s{fiexhY}Y~h2p
ugw{n|qvhgr7ptcehVugsY§hw
±
sÌn|spqer(sepqrthgh{»7UÇÈz°qBpqhgf rq|xhsYqqwu2vsapqhW¨0vxpqc/s¬er(sn*u(cﬂw
±
ptcevÎpqrthgh0f/s^
YhgnehNrtspqh0p¨<ww{pqcehNrrqe~hNN}Bw{neh
±
w{r<hNsYu(cÄw
±
vxpt<~hNs^ªYhNN»ÇÈhgp<*<uNs~xhWs
±
rtexhpqc|hNqhVp¨<wnehN¨¾rq|xhWg»
bc|h8p¨<wÌxhWs
±
rte~hN7ugs{n¬@h0rthg¨0rtv®pqpqhgnvxnﬂ|s{rts{x~hgqvxn|ugh<pqcehNwnewpqc|srthsnGvxn
±
w{rtfispqv~w{nÈ»	ãwa¨G}
v
±
¨8hÄugw{n|qvhgrs¿rte~hÄhNtu2rtvx¬|vxneÂs¿¬|evxv~ne
±
rtw{nBpts{{hﬂpqc|sp{hNnehgr(sapthNfe®ptvx|xhÄ¨0v~n|wa¨ rq|xhWg}
ptcehÔ|r(pÎwYneh{hgn|hgr(sapqhWpqceh0¨0v~n|wa¨Ñ{hgwYfih2pqrtvu8fiwhN¨0cevx~hs~pqc|h§e¬*§h Y|hgnBpÎw{nehW7vxn|§pts{nBpqvsapqh
ptcevÎ¨0vxn*wa¨¯fiwhgptwrqhN*hWsapÎpqc|h<¨0v~n|wa¨Ñ|sapqpqhNrqni~Bv~new{nis
±
rqwYnBptsYh8fiwhNP»	¼Òh0f|§phgn|qerth
ptc|sapptceh{hgn|hgr(sapqv~w{nw
±
pqcehÌÔ|r(p0¨0v~n|wa¨UfiwhNÊhgn|e¬@h
±
wYrqhw{pqcehNr<rte~hN|qhN<vxp¬/e~sYu2v~neﬂpqceh
u(c*sr(s{upthgr

 
|p¬@h
±
w{rth0ptcehVÔ*rt§p8rte~h{»	lonÄpqc|v~8¨<s^Y}{wYn|u2hVpqcehÔ|r(prte~hVc|sY¬@hghNnÄrthg¨0rtv®pqpqhgn=}Bs{x
ptcehGwptcehgr0rte~hN0uNsn"{h2p0rthg¨0rtv®pqpqhNnv~n"pqertnsn|vxn¿|s{rts{x~hgS»
lon«s{|v®ptvxwYnÆpqw"pqcevGfihNu(c*snev§fË¨8h/c|s^ªYhv~fie~hgfihgnBpqhWÆ¬eev~®pqzSv~n«rq|xhWÌpqc|sps~xwa¨'eBn*sfiv~u
s{x~wugspqv~w{nÆw
±
ØÂÇÙBÚ¬e|vxxp§z°vxn«wYrertwptwp*hWÆnewhNptcertw{eYcÒ|s{rts{fih2pqhNrG|s{tqvxneÂs{n|ÒÔ|hge
sYugughNtg»GlonÆw{r(hgrpqws{x~wa¨
±
w{r{hNw{fih2ptrq¿YhgnehNrtspqv~w{nÂ¨<hf/s{²{hﬂ|§hﬂw
±
f/sapqc|hgf/saptv~uNs7w{@hgr(saptw{r(
*§v~neﬂÅ|wYspt0s{n|yv~nBpqhN{hgr(N}xvp0f/sn|vxe|~spqv~w{n|0sY¨8hNx=sY<pqrtvxYw{newYfih2pqrtvu
±
en|u2pqv~w{n|N» §v~neﬂpqcehW§h
fihWu(c|snevqfi7¨<hugs{nihNs{qv~x{hgn|hgr(sapqhfihNqcehWsn|ﬂnewhVcevxhNrts{rtu(c|vxhW
±
wYr|sp§pqhNrqni¬|sY§hWﬂ{hgwYfih2pqrtvu
fiwhN~|qv~neiw{ne~ywYnehrqhN¨0rqvxpqv~neiugs~S»

ﬃ
Ü
%£
à
¥
Ü
á £a¤( 
à
á
Ü
( ¡
±
w{ry{hgn|hgr(sapqv~neÁ¬eev~vxn|Y/p(s²Yh¿sY/v~neeppqcehÂv~n
±
wYrqf/saptvxwYn:|sapts
YhgnehNrtspqhWvxnÆ§hWuptvxwYnÒje» iptw|rqwaªvhptcehYhgwYfﬂhgpqrtv~urqhNerthNqhgnBptspqv~w{nw
±
hNs{u(cÒxhNª{hNw
±
h2p(sv~P»lon
wYerv~fiexhNfihgnBptspqv~w{n¿¨8hGYhgnehNrtspqhÌpqc|rqhNhÇ	ä
å
0@hgr¬e|vxv~ne|»×	vxYerqh2NÄ§c|wa¨<pqcehW§h~hgªYhg
±
w{r
sYvxªYhgn/¬e|vxv~ne|qvxn|su2hNr§p(sv~niqh2p<w
±
v~neep*sr(sfih2pthgr(g»s{u(c/~hgªYhg|vv~ªv~ehN/v~nBpqwp¨<w|srqpt
¨0c|v~u(c[s{rqhpqceh
±
rqwYnYp(sYhNs{n|¿pqc|hrtwBw
±
g»V¼Òhﬂ|qh|sp§pqhNrqnrthg@h2ptv®ptvxwYnpqw"hNtu2rtv~¬*hhNs{u(c*srqpN»
YrqwYen|ÄÅ|ww{r0v0fiwehg~hN|§v~neÄsﬂrtwa¨Uw
±
¨0vxn*wa¨g}esiwwYrs{¨<hg~Ès{0sn|wpqc|hgr0rtwa¨Uw
±
¨0vxn*wa¨g»
bc|hwptcehgrÅ|ww{r(
Õ
vxn*u2~|v~neyrtww
±
(Ösrthfiwhg~hN[|qvxneyw{nehrqwa¨6w
±
¨0vxn|ewa¨g»Ìbcehfiwhg	|qhN
sY^§s{ughgnBp¬|evxv~neÆcehgv~{cBptpqwÆ{hNnehgr(sapthy|s{r§pÆ¨s~~N»«VisÂ|s{r§pÁ¨s~<ewBhWﬂnewp/u2wYnYp(sv~nÐsn
ewBwYrw{r¨0vxn|ewa¨G}Y¨<h0f/s²{hVv®p8§pts{r§p
±
rqwYf'ptcehVs{a§s{u2hNnBp¬eev~~evxnecehgv~{cBpptwrqhW|ugh0pqcehVnB|f¬@hgrw
±
@w{~{wYn|	pqw¬@hrthgn|ehgrthNÊ»7bceh
±
rtw{nBpts{{h% 7¨s~evÎpqc|hVqs{fih
±
w{r~hgªYhgp¨<wsn*ixhNª{hgepqcerthghY}YqwGpqceh
YhgwYfﬂhgpqrtv7§c*srthNG¬pqc|h8p¨<wV~hgªYhg=*§v~neÌvxn|§pts{n|u2h<§c*srtvxne*»	Łv~n|ughptceh
±
rtw{nBp(s{hW=w
±
pqc|v~	fiwhg
s{rqhinehWsrtxÂÅ*sapW}	s{xÎptcehÄYhgw{fihgpqrtÂw
±
hNsYu(c
±
rtw{nBp(s{hivGhgn*ugs*§esapthNÒvxn¯s¿n|hg¨

º·  #{·/,

n|wehGpqc|sp|qhNpqcehnew{rtf/sÈw
±
pqceh§e|*wYr§ptvxneye~s{nehptwyu2|x7s~Èptceh{hNw{fih2ptrq"v~nw{nehYw|»bceh
YhgnehNrtspqhW~hgªYhgVs{rqhGptcehgn[e~sYu2hWvxnÂpqceh  .¹¸ #
q·gºÁÔ|hN~w
±
sn[Ç	ä
å
newh
Õ
v~fie~hgfihgnBpqv~ne"w{er
Ç7ä
å
§hNxhWuptvxwYnfihNu(c*snev§f©|§v~neÄVâ Bg}eqhghGqhNuptvxwYn¿YÖ»
E(EGFAHIJ1J1K
{  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
×v~{|rqh32g 4ÎÇ	ä
å
{hgn|hgr(sapqhW
±
wYrsi¬eev~~v~ne*»
 
 0ﬀg Vig!2
lon[w{r(hgr0ptwÄv~fﬂ|xhNfﬂhNnBps{n|¿h$@hgrtvxfihgnBpV¨0vxpqcÒw{ers~{w{rtvxpqcef/N}|¨<h|qhw{|r
±
r(sfihg¨<w{rt²}en|sfihW
[s{hNxsn=}W¨0c|v~u(cﬂv~7wYpq~v~nehNvxni×	vxYerqh 2We»bcev
±
r(sfihg¨<w{rt²Gs~xwa¨=pqceh0s{pqwYfispqvuYhgnehNrtspqv~w{nw
±
g¸  ·gº	S} $2·
1a·
0sn* .¹¸ #Y·
s{ee~v~uNsaptvxwYn|
±
w{r	ÇÈv~nﬀÊ}W¼¾v~n|jB0sn|Łen@äŁÌesap
±
w{rtfiN»7â8~v~hgnBp {Łhgrtª{hNr
s{ee~v~uNsaptvxwYn|<fis{n|sYhGsptw{f/saptv~uNs~x/fe®ptv®zoqhgrtª{hgr ^fexpqvxz°ugxv~hgnBp<ugw{nen|hNuptvxwYn|N»
§v~neyâ&vxn|cehgrtv®p(sn|ugh{}Bpqc|hNqhs{ee~v~uNsaptvxwYn|sptw{f/saptv~uNs~xif/sn|s{{h¶Y·gº@·
1  ﬀ $1|µa¸   g·) $»
bc|hNqh8¶Y·gº@·
1 ,ﬀ $1|µa¸  g·)$<s{rqhÎrthNq*wYn|qvx¬e~h
±
wYrÈpqc|hgv~rrthNsYÌs{n|G¨0rtv®pth
±
rtw{f ^wYnÔ*xhWg}^ptcehgv~rÈptrts{n|z
fivqqv~w{nÄs{ugrqwBq	ptcehVn|h2p¨<w{rt²sn*ﬂpqcehNvxr<v~qes^{»7bceh
±
r(sfihg¨<w{rt²|rqwaªvhNsﬂâ¾fihNtts{hug~sYq
±
wYrf/sr(qc|s~xv~ne ^enef/s{rtqc|s~~vxnepqc|hespts¿ptrts{n|§fivxp§pthN«waªYhgrpqc|hynehgp¨8wYrq²»ÂbcehW§hÄwY¬hNu2pt|§h
ä@hgn ;Ç¯ugs{xpqwy{hgn|hgr(sapqhÌptcehgv~rVªv§|s{ÈrthgerthNqhgnBptspqv~w{nÈ»8lon¿pqcev¨s^y¨<hugs{n¿hNs{qv~xvxfie~hgfihgnBp
n|hg¨ ªv~q|s|w{¬hWuptpqc|sp¨0v~x*¬*h|§hWi¬pqc|hNqhVse|xvugspqv~w{n|N»	×|erqpqcehNrqfiw{rth{}Yf/s²vxn|pqcehwY¬hNu2pt
rthNq@w{n|qvx¬|xh
±
w{r8pqcehNvxr0v§|~s^/s~~wa¨
±
w{rc¬ertv~/rthgn*hgrtvxn|q|u(cys{<fihgrt{v~ne@w{~{wYnzS¬*s{qhN/sn*
@w{v~nBp§z°¬|s{qhNrthgn|hNrqv~neB= j->°»
5<hNqvhNN}gptceh
±
r(sfihg¨<w{rt²s~~wa¨@pqwhNª{hg~w{Gs{n|Ì|§hs{nVnehN¨ 
q·gº #Y·
1¹º¶}" aºﬂsn|  
t· ﬂ2· ) 
¹º¶Gfiwe~hNN»=lonis{eev®ptvxwYnÈ}^pqceh|qhgr7ugs{nv~nBpqhgYrtspqh8nehg¨¯fiwe~hN7v~nBpqwVpqceh
±
r(sfihg¨<w{rt²Ìq|u(cﬂs{pqceh

t·A
1"¹ºB¶pqcerthNsY|qhN
±
wYrYhgnehNrtspqv~neyYhgwYfﬂhgpqrtv~ufiwehgsYqqwu2vsapqhW¨0vxpqc[|rqwu2hWer(s	fiwehgg»
8s{u(c"w
±
pqcehW§hfiwe~hNuNsn"¬*hGv~fiexhNfihgnBpqhW¨0vxpqc"ptcerqhWs{ev
±
nehghWhNÊ»bc|hgyuNsn¿s~Ès{ugughNt<pqceh
tu2hNneh{r(secc|sn*xhNrpqw/f/sn|vxe|~spqhÌpqcehGYhgnehNrqvuqughgnehYrts{ecyhNn|ugs{|§|~spqhN¬/pqc|v~0c*sn|~hgrW»
bceh/YhgnehNrqvuiqughgneh/Yrts{ecÁesap(s"§pqrt|u2pqerth/v~u2w{fi@wYqhNÒw
±
w{neh/rtwwpGnewhÄs{n|ÁsnÂnehNhNhW
h pqhgrtn«rtwBw{pnewhNN»sYu(c«rqwwpnewhÄvsYqqwu2vsapqhWÆ¨0v®ptcÐs¿Ô|~h{»Â©newhyugs{n«¬*hhgvxpqcehNrs

ﬂ
$1|µ¸  ﬀ#{·g}Îs
 
· .
q·2³[µ   ﬀ#{·w{rs 0º	a· ·2¸¹¸  ﬀ#{·g»Âbceh 0aº ^· Î·g¸¹¸  -#Y·"newhNs{rqh/*§hW
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1!  2
v
±
pqceh[tu2hNnehvÄ§|¬@v~ªv~ehN v~nYptw«u2hg~'= jYj?>°»Ã¼¾vxpqc pqc|v~y²Bv~n|:w
±
newhY}8ptceh 
q·gº #Y·
1¹º¶ -#¸x·
p(s²YhNsYªasnBpts{{h/w
±
ughg~®zSpqw{z°ughg~w{r as{n|Áu2hNxxzPptwz°{hNw{fih2ptrqÂªv§v~¬ev~xvxpÆvxn
±
wYrqf/spqv~w{nÈ»¿lonÐsYevxpqv~w{nÈ}
bc|h  
q·ﬂ2· )¹ºB¶ -#¸x·ugsn¿erth
±
hgptu(cu2hNx|qvxn|/fﬂw{pqv~w{n¿erthNvuptvxwYn = Ú}@}e>°}|s{n|pqceh" aº
ﬀ#¸x·iuNsnÂptvx~v:9ghpqcehﬂrqhW§|®pw
±
q|s{ughqe¬vxªv§v~w{nÂpqw¿§@hghWeÂptcehiu2w{~~v~qvxwYn[hgpqhNu2pqv~w{nÈ»Gbceh
±
r(sfihN¨8wYrq²iertwaªv~hW§hNª{hgr(sw{pqcehNru2s{t§hW8w
±
n|wehN<pqc*sapVsrth¬*hN{wYn|Äptcehtu2w{@hw
±
pqcev0rthg@w{rqpN»
TCP
IP
Generic
Handler
SceneGraph
Storage
Server Client
Client
Client
Manager
Manager
Secondary
Any file
format
databases
User interactionsVisualisation layout
Graphic User Interface
Thread
Thread
Listening
Thread
Thread
Loading
Rewriting
Thread
Rendering Prefetching Motion
×	v~{erth 2^.4Ò[s{hNxsnUs{rtu(c|v®pthNupterth{»'â8xv~hgnBp ŁhNrqªYhgryugw{fifen|v~uNsapqv~w{n |qhNbVâ8^lo©erqw{pqwu2wYP»
bc|hqhgrtª{hNr<qvhGs{t§v~{n|<spqcerthNsY/ptwﬂhWs{u(c"u2w{n|nehNu2pqhN"u2~v~hgnBpN»ÎsYu(cyptcerthNs{yf/sr(§c|s{x<sn|"§hNn|e
|sapts¿n|wehNwYn¯hgf/s{n|Ê»bcehÄrthBehWpthNÁesap(sÂugs{nÁ¬*h"u2w{fie~h2pthÄw{r|srqpqvsÎÔ*xhWGpqwÒs~xwa¨ pqceh
ptrts{n|qfﬂvt§v~w{nÌw
±
ertw{{rthNtqvxªYh	espts|»=¯u2~v~hgnBpÈv~=u2w{fi@wYqhNÌw
±
p¨<w0fis{vxnÌptcerqhWs{e=sn|snwpqc|hgrÈ|qhgr
ptcerthNs{|g»7bcehÌxwBs{v~neGptcerqhWs{s{q²
±
w{r<newhNN}enef/sr(qc|s~~newhNs{n|Äs{|en|wehN8pqwpqcehqughgneh
Yrts{ecﬂpqcertw{|{cipqc|hÌtu2hNneh{r(s|c/c|sn|exhNrN»7bcehVf/s{vxn/ptcerthNs{i@hgr
±
w{rtf/ÎptcerqhNhp(s{q²8u2wYn|§v§pqv~nev~n
YhgnehNrtspqv~nepqcehªv~hg¨0@w{v~nBpfﬂw{pqv~w{nÈ}*u2w{fieepqv~neÄu2wYx~v~qv~w{n|sn*Yrts^ªvxp{}es{n|"e@|sapqv~neiptcehqughgneh
Yrts{ecihg@hgn|evxnew
±
pqcehVªBv~hg¨0@w{v~nBp*wB§vxpqv~w{n=»	bcehVerqh
±
h2p(u(cevxn|Gfﬂw|xh*§hWÎfiwpqv~w{n/|rqhWv~u2pqv~w{n|
ptwÂwa¨0ne~wYsY
±
pterthÄªv~qvx¬|xhÄughg~~N»"bc|h/rqhNn|hgrtv~nefiweexhÄqhg~hNu2ptptcehÄªv§v~¬e~hyu2hNxGw{rGwY¬hNu2pt
s{n|ﬂvxnªYw{²{hWpqcehNvxrev~qes^fih2pqc|w|g»Î×	vxn*s~xY}pqc|hs{ehWﬂ|§hNrÎfiweexhY}{n|s{fihNﬂrqhN¨0rqvxpqv~neÌpqc|rqhWs{Ê}
@hgr
±
w{rtf/ptcehﬂrqhN¨0rqvxpqv~neyw
±
|s{rts{x~hg7ÇÊzo§§pqhNfÓtu2rtv~ptN»~	pqcehW§hptsY§²ÌugsnÆs{uNu2hNtÌsn|[fﬂwv
±

ptcehG{hNnehgrtvutu2hNneh{r(sec"v
±
nehNhNhWyptcertw{eYcÄpqc|hqughgnehGYrts{ecyc|s{n|~hgrW»
  ﬃ 	       	
ﬃ  
hNugs{xepqc|sppqc|hVqughgnehV{r(secivu2wYfi*wB§hWw
±
w{nehrtwwpnewhÌsn|/s{n/srtrts^w
±
h$pqhNrqn/rtwwpnewhWg»
¼¾vxpqc/hWs{u(cih$pthgrtnﬂrtwwpnewh0vsYqqwu2vsapthNﬂsrqh
±
hgrthgn|ughugw{enBpthgrÎptc|sapvÎ|qhNﬂptwG²newa¨Ñc|wa¨Ñf/sn
E(EGFAHIJ1J1K
Y  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
$|µ
q·)#"¸ Wµ#¹ºB¶Ìc|s^ª{h¬*hNhgn[@hgr
±
w{rtfihN
±
wYrhWs{u(cnewhY»V¼¾cehNnÒs/|qhgrÌnewhnehghWe0ptwwa¨0ne~wYsY
s{newptcehgrﬂh$pthgrtnÐrtwBw{pnewhY}vxpÄs{q²pqc|h¿tu2hNneh"{r(sec¯c*sn|~hgrpqw«wa¨0n|xwBs{Æpqc|v~ih BpthgrtnÐnewh
*§v~neGptceh $|µ
q·)#ﬂ¸ Wµ#¹ºB¶/fihWu(c|snevqf"»7l
±
ptcev~8h$pthgrtnÄnewhVv8newp<vxn/ptcehqughgnehYrts{ecÈ}YpqcehÌqughgneh
Yrts{ec"c|sn|exhNrqhgn|eVsixwBs{v~ne/rthBehN§p0pqwÄpqcehqhgrtª{hNr0¨0cev~xhqh2pqpqv~ne/ptcehs{tqwugv~spqhWugw{enBpqhNr0pqw
2Y}Êhg§hivxpGw{ne~vxn*u2rthgfihgnBptÌptcevGu2w{|nYpthgrW»lonÆw{erv~fiexhNfihgnBptspqv~w{nÂptceh/ØVÂÇÑÔ|xhWÌrqh
±
hgrtrqhWpqw
¨0vxpqc<º|¸ ¹º@·newhN<s{¨8hNx@s{pqcehVpqh$pterqhWs{rqhVewa¨0nexwBs{hWﬂ|§v~nepqcevfihWu(c|snevqf"»â8w{nªYhgr(§hNxY}
ptcehiu2hg~7newhNs{rqhﬂwa¨0ne~wYs{ehN¬¿pqc|hﬂugxv~hgnBp ÌfiweexhWÌ|§v~nepqceh $1¹ºB¶{¸x·/¸:Nµ #¹ºB¶[fihNu(c|s{nev§f
ptc|sapVs{x¨s^8qh2p0ptw 2ptcehgv~rVsYqqwu2vsapqhWyugw{enBpqhNrtN»
Łv~n|ughysesap(s¬|sY§hif/s^Â¬@h/pqwwceYhptw¬*hu2w{fie~h2pthg~Ò§pqwYrqhW[v~nBpqwÂsu2~v~hgnBp Gfihgfiw{rt{}¨8h
n|hghN"sn"cehNerqv§pqvuptwiqhg~hNu2ppqcehh$pthgrtnrtwwpnewhN<ptwﬂ¬@hrqhNfiwaª{hN
Õ
¬@hNugs{|qhÌw
±
ptcehGxv~fiv®pthN"§v:9gh
w
±
pqceh
±
rthghVfﬂhNfiw{rtÖ	¨0c|hgnipqc|hxwBs{v~neptcerqhWs{ﬂptrqv~hN7ptws{|/snehg¨ newhv~nipqc|hVqughgnehV{r(secÈ»	b=w
u(c|wBwB§h<ptcehrtwBw{pÎnewhN7ptwG¬*hVrqhNfﬂwaªYhN¨8h0*§hptcehVs{a§s{u2hNn|u2{r(secÈ»¼Òh§wYr§pÎptcehu2hNxÎ¬hNpqc
v~nÁpqc|hys{^§sYu2hNn|u2ÂYrts{ecÈ}	p(srqpqv~ne
±
rqwYfptcehyu2|rqrthgnBpu2hNxS»¿bcehgnÈ}	¨<hÄrqhNfiwaª{hﬂpqcehyfﬂwBp
±
s{r§z°wÍ
ughg~~<enBptvxptcehfihNfﬂwYrqÄqv:9ghÌnehghWhNyv~
±
rthghNÈ»Îl
±
snh$pqhNrqnrqwwpnewhÌv~qc|srthNy¬ip¨8ww{rfiw{rth
ev®ÍhgrthgnBpﬂughg~~sn|¯w{nehÄw
±
pqcehW§h"u2hNxsY§²
±
w{rv®p(rthgfiwaªasS}7¨8hÄwYne~ÆhWu2rthgfihgnBppqcehrqh
±
hgrthgn|ugh
ugw{enBpthgrw
±
pqcehqc|s{rqhWÄnewhY»
lonÂsYevxpqv~w{nÈ}ptcehtu2hNnehG{r(sec¿c|s{n|~hgrugw{nBpts{vxn|0pqcehugertrqhNnYp0ªv~hg¨0@w{v~nYp¨0c|v~u(cv0w{n|hGw
±
pqceh

 · 	¹º 8n|wehN{hNnehgr(sapthNyvxn¿§hWuptvxwYnje» »Î0qs{v~vxn¿qhNuptvxwYnj|» e}v
±
pqcehGu2|rqrthgnBpªBv~hg¨0@w{v~nBp0v~
sYqqwu2vsapthNi¨0vxpqcsu2hg~ert*vxp<v<u2w{n*§vhgrthN/sY~v~ne²{hWÄsn|/pqcehÌrqh
±
hgrtrqhW/u2hNx@¬*hWu2wYfﬂhWptcehu2ertrqhNnBp
n*s^ªBv~Yspqv~w{nughg~P»	~Yptceh<fﬂw|xhW	sYugughNtÈptceh<ugertrqhNnYp7u2hNxYpqcertw{|{cGptceh<ugertrqhNnYp	ªvxhN¨0*wYvxnBpN»¼¾cehgn
siªv~hg¨0@w{v~nBp{h2p(0~vxne²YhN"¨0vxpqcÂs/nehN¨Kughg~P}|pqcehqughgnehGYrts{ecc*sn|~hgrs{q²
±
wYr0pqc|hµ?$1!aº )
 aº $
qv~ne{~hÄ~wYs{evxne[w
±
pqcehnehg¨ sY^§s{ughgnBpughg~~N»Âl
±
pqc|h~vxn|²{hN«ughg~8vn|wpﬂs{xrthNsYÒewa¨0nexwBs{hWÆpqceh
tu2hNnehYrts{ecÂc|s{n|~hgrGs{q²
±
wYrvxptGqv~ne{~h~wYsYvxn|yv~nÆs$)!aº  .
aº $i¨<s^"¬@h
±
w{rthis{q²Bv~ne
±
w{rÌpqceh
~wYsYv~ne[w
±
v®p(is{^§sYu2hgnBpiu2hg~g»«lonÑw{erﬂvxfie~hgfihNnYp(saptvxwYnÈ}¨0cehNnÑsÆu2hg~0srtrqv~ª{hWsapﬂpqc|h"ugxv~hgnBpN}8v®p
s{pqwYf/sapqvugs{x~Äs{q²
±
w{rptcehyµ?$1!aº )
 aº $§c|s{rqhWÄ~wYsYvxn|ﬂw
±
vxptu(c|vxrthgn'º|¸ ¹º@·Gn|wehNN»
      %ﬂ%  %ﬀ
&
bc|h8fiwptvxwYnfiwe~h8wY¬*hNptceh8*§hNrwYrthNrtÈpqwÌ{hNnehgr(sapthÎpqcehfiwptvxwYnw
±
pqcehu2ertrthgnBpªv~hg¨0@w{v~nYpW»l°p
v	s§wrqhW§@w{n|qv~¬exh
±
w{r7u2w{fieepqv~neÌugw{~xvqvxwYn|=s{n|
±
w{r7qvxfe~spqv~neVYrts^ªvxp{»=bc|h8u2wYx~v§v~w{neh2pqhWuptvxwYn
vs{uNu2hg~hgr(sapthN[¬B*§v~ne"w{ne~pqc|hﬂYhgwYfﬂhgpqrtu2w{nBp(sv~nehN[vxnÒpqceh/ugerqrthgnBpGsn|[pqc|hisY^§s{ughgnBpGu2hg~g»
bc|hﬂ|@espqhiw
±
pqc|hiugertrqhNnYpGu2hNxÎv@hgr
±
w{rtfﬂhWÒsY
±
w{~xwa¨N»ﬂbc|hiugw{~xvqvxwYnÒsn*[Yrts^ªvxp"rthNqexpGv~
*§hWÂptw¿ugw{fiepthﬂpqcehinehN¨'|s{rts{fﬂhgpqhNrtw
±
pqceh/u2|rqrthgnBpªBv~hg¨0@w{v~nBpN»ﬂl
±
ptcehinehg¨ *wB§vxpqv~w{nÆw
±
pqceh
ªv~hg¨0@w{v~nBpv~vxn|qvhsughg~8s{a§s{u2hNnBpGpqwptcehugerqrthgnBpughg~P}pqcevﬂs{^§sYu2hgnBpughg~¬@hNu2wYfihNGptcehÄnehN¨
ugertrqhNnYpVughg~=sn*"pqcehugertrqhNnYpªv~hg¨0@w{v~nBp{h2p(~vxn|²{hNptw/pqcevVughg~P»<lon¿pqc|v~V¨<s^Y}pqcehqughgnehGYrts{ec
c*sn|~hgr0uNsn"rqh
±
rqhW§cv®p(§hN
±
v
±
nehNhNhW
Õ
§hNh{»qhNuptvxwYn"e» 2^Ö»bcehnehN¨Ã|s{rts{fﬂhgpqhNrt8w
±
pqcehªv~hg¨0@w{v~nYp
s{rqhs{|hNpqwﬂptcehGerth
±
h2p(u(cev~neifﬂw|xh% ×	l×7ä6h$esv~nehWycehNrqhWs
±
pthgrW»
       ﬃ  ﬁ
 %ﬀ
&
bc|hÄerth
±
h2p(u(cev~neÂfiwe~hy|qhNsn|s^ªvxBsaptvxwYnÒcev§pqw{rtÒpqw[hgpqhNrqfiv~nehÄptcehÄneh Bpiu2hNxpqc|sp¨0v~x<¬*h
ªv§vxpqhWG¬pqceh<|qhgrW»7än|ughptcev~	neh p7ughg~Bc*s{¬*hNhgneh2pqhNrqfiv~nehNÈ}av®p(	sY^§s{ughgnBp	ughg~~	srth|rqh
±
h2ptu(c|hNÊ»
bc|hfiweexh|§hW=s×	l×7ä«w
±
ªBv~hg¨0@w{v~nBptptwV§pqw{rth7pqc|hn|s^ªv~YsaptvxwYnc|v~§pqwYrqY»Èlonw{|rÈvxfie~hgfihNnYp(saptvxwYn
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! {j
¨<hﬂxv~fiv®ppqc|hi×	l×7ä4qv 9Nhptw"c*sn|~hpqcehﬂp¨<wfiwY§pGrqhWu2hNnYpªvxhN¨0*wYvxnBp(g»bc|hﬂn*s^ªBv~Yspqv~w{nÂc|v~§pqwYrq
uNsn¿¬@hG|§hW"pqwY{h2ptcehgr0¨0vxpqcÂs{nÄfiwpqv~w{n¿erthNev~u2pqv~w{ns~{wYrqvxpqcef¿»×|w{rfiw{pqv~w{n¿erthNvuptvxwYnÈ}e¨<hG|§h
sqv~fﬂ|xhÄr(s^ÒuNs{§pqv~nes~{wYrqvxpqcefËpqc|spv@hgr
±
w{rtfﬂhWÆw{ne~[v
±
pqcehyfﬂwBprqhWu2hgnBpªv~hg¨0@w{v~nYp(Gc|s^ªYh
p¨<wev®ÍhgrthgnBp*wB§vxpqv~w{n|8rthgYs{rtexhWqÎw
±
pqc|hgv~r<ªv~hg¨0v~neevxrthNu2pqv~w{n|N»7lons{|v®ptvxwYnÈ}¨8hf/sv~nYp(sv~nysxvp
w
±
sY^§s{ughgnBpVu2hNxptc|sapVc*s^ª{hnewpÌs~rqhWs{Ä¬@hghNnerth
±
h2p(u(cehNÈ»8bcev0~v~§pVvrthNqh2p0¨0cehgn|hgª{hNr0pqc|hgrthGv~
s"u(c|s{ne{hw
±
ptceh/u2ertrqhNnBpughg~P»bc|hﬂfiw{pqv~w{n[|rqhWv~u2pqv~w{nÆs~{w{rtvxpqcefÓ¨<w{rt²Ìs{
±
wYx~wa¨g»G¼Æhﬂpqr(s{ugh
sÄrts^"c|s^ªvxn|Äs{wYrqv~{v~n¿pqc|h@wYqv®ptvxwYnÂw
±
pqc|h~hNtVrthNughgnBpVªvxhN¨0*wYvxnBpugw{nBpts{vxn|hN¿v~nÂpqc|h×	l×	ä sn*
*s{t§v~neﬂpqcertw{|{c"pqceh*wB§vxpqv~w{n¿w
±
pqc|hwptcehgrªv~hg¨0@w{v~nBpw
±
pqceh×l×7ä»|bcehNnÈ}eptcev~Vrts^yv~u(c|hNu(²{hW
±
wYrv~nBpqhgr(qhNuptvxwYnÁ¨0v®ptcÐhNsYu(c«s{^§sYu2hgnBpughg~8n|wps{xrthNsY[erth
±
hgptu(cehWÊ»[bceh"u2hNxsY^§s{ughgnBppqw[pqceh
v~nBpqhNrtqhNu2pqhN«ughg~~ﬂsrth/ptcehgn¯|rqh
±
h2ptu(c|hN¯sY§n|u(certw{n|w{|qx
Õ
v
±
pqcehN«srthÄnewpis~rqhWs{Æv~n«pqceh"qughgneh
Yrts{ecÁc|sn*xhNr(Ö2»rth
±
h2p(u(cev~ne[sfiwYenBptGptwÂ~wYs{evxne[rqh Y|hN§ptptc|sapﬂc|s^ª{hÄs|rqv~w{rtv®pÒxwa¨<hgrpqc|s{n
ptc|sapw
±
|q|s{ÊxwBs{v~neirqh BehN§ptN»
 ih   	ﬁﬀ  %ﬀ
&
bc|hÌYwYs{@w
±
ptcehGrthgn|hNrqv~neﬂfiweexhGv<pqwirthgn|ehgrpqc|hqughgnehGsaps{nv~nBpqhgr(s{u2pqv~ª{h
±
r(sfihrtspqhÌ¨0v®ptc¿s
fiv~nev~fefnef¬*hNrw
±
ªv§*sÎsrqpqv
±
s{u2ptN»Łv~n|u2hﬂpqc|hﬂYhgwYfﬂhgpqrtv~uw{¬hWup(GsrthrthNq*wYn|§v~¬e~h
±
wYrÌpqcehNvxr
ev~qes^{}*pqcehrqhNn|hgrtv~neys~{wYrqvxpqc|fwYnex¿u2wYfiepqhWptcehisfiw{enBpVw
±
*wYxYw{n|pqwy¬@h*§hW
±
w{rpqceh
n|h$pﬂrthgn*hgrtvxn|ÂpqwÆf/sv~nBptsv~nÑsÒ{v~ª{hNn
±
r(sfihr(sapth
Õ
 ^Ö{v~ª{hgnÐ¬BÁptceh¿|qhgrW»¯bcev~is{fﬂwYenBpﬂw
±
@w{~{wYn|V¨0v~~	¬@h/ugs{x~hN- ¸ !g¶ º 	#g¶B·S» §v~ne¿snÒs^ªYhgr(sYh
±
rts{fﬂhﬂr(sapqhﬂªas~ehﬂhN§pqv~fispqhW
±
rtw{f
ptcehÌrqhNn|hgrtv~neptvxfihÌw
±
§wYfﬂhw
±
ptceh~sYp0u2wYfiepqhW
±
r(sfihW8s{n|/ptceh~sYp*wYxYw{n|8¬e|Yh2p(8*§hW
±
wYr{hgn|hgr(sapqv~neypqcehW§h
±
rts{fihNN}pqcehis~{wYrqvxpqcefeh2pqhNrqfiv~nehNptcehinehg¨ @w{~{wYnÂ¬e|Yh2ppqw"¬@hﬂ*§hW
ptw«f/sv~nYp(sv~n pqceh
±
rts{fﬂhr(sapth

 Â{v~ª{hgn ¬¯ptcehÂ|qhgrW» än|u2h¿ptcev~y*wYxYw{n ¬e|Yh2pÄc|sYÄ¬@hghNn
ugw{fiepthNÊ}BptcehÌs{xYw{rtv®ptcef |s{tqhNvxppqw $2·"P¸x· º.* -$¨0cevu(cÄv8wYnehVw
±
pqc|hfih2ptcewe<w
±
ptcehu2ertrqhNnBp
ughg~P}=¨0cev~u(cÆvsyªv§*sÎnewhY»ibc|v~fih2ptcewÆv~v~fiexhNfihgnBpqhWÒ¬ÂhWs{u(cÒªBvq|sÎnewhﬂptw*hNr
±
wYrqf
±
rt|§pqef uge~xv~neﬂw{nÄvxptu(cev~~erqhNnynewhW
Õ
|§v~nepqcehNvxr¬@w{en*vxn|¬@w hN(Ösn*/pqwis~~wa¨ÑptcehNqhÌnewhN
ptw/§c|s{rqhwYp0pqcehG@w{~{wYn¬e*{hgp0sYqqwu2vsapthN¨0v®ptc"vxpN»än|u2hÌpqc|hGh$hNugpqv~w{n¿w
±
pqcev0fih2ptcew¿c|s{
hNn|hWÊ}7pqceh¿s~{wYrqvxpqc|f v~nª{w{²YhNptceh # $ @¸xµ!«fﬂhgpqcewÐw
±
pqc|h"ugerqrthgnBpughg~ptwÒugw{fiepthÄpqc|hnehN¨
±
r(sfihGs{uNu2wYrtv~nepqwﬂpqc|h3$2·"P¸x· º.* -$ÌrthNqexpthgn*ugs*§esapthNvxn¿hWs{u(c"ªBvqvx¬e~hnewh{»
bcehugertrqhNnYpughg~rqhNn|hgrtv~neGs~{w{rtvxpqcef´f/s²YhN	|qh0w
±
p¨8wfih2ptceweg»Îbceh $g·S¸x· º*,$fih2pqc|w
epqv~xv:9ghWptceh@w{~{w{n¬||{hgp  
 &
s{n|¿pqc|hVâ BVVpqwf/s²{hpqcehªBvqvx¬e~hu(c|vxrthgnÂnewhWVw
±
pqceh
ughg~qc|srthw{pVpqceh*wYx{wYn¬||{hgpN»0bceh # $ @¸xµ!"fihgpqcewqvxfie~v~nª{wY²{hN<ptcehvqe~s^fih2pqc|w
w
±
pqc|hﬂªv§v~¬e~hﬂu(c|vxrthgnÈ»bc|hﬂv~nBpqhNrqhWptvxne*wYvxnBpGw
±
pqcehiertwu2hNtv~Ìptceh@w{~{wYn[¬e|e{h2pGqc|srtvxn|
¨0c|v~u(cv~<@hgr
±
w{rtfﬂhWÄ¬ipqc|h $g·g¸¹¸ o·2º* -$fih2ptcewyw
±
ptcehÌughg~P»Îlonypqcevfih2ptcewÊ}¨8hÔ|r(p@hgr
±
w{rtfi
±
rt|§pqef4ugex~v~ne|qv~neptceh¬@w{|n|v~ne¬@w hNw
±
pqceh º*¸ ¹º@·Ìn|wehNpqc|sp<srthV§pqwYrqhW/vxnÄpqceh .¹¸ #
t·2º
Ô*hgÒw
±
ptcehÄu2hNxS»y×|w{rhWs{u(cÆªBvqvx¬e~hinewh{}	vxptVâ B vGnewYrqf/s~v:9ghNÒ|qvxn|ptcehÄnef¬*hNrGw
±
newhN
ptc|saps{rqh<ªv~qv~¬exhY»¼Æhu2wYfiepqhptceh0@w{~BYw{nﬂ¬e|Yh2p  
 

ptws{t§v~{npqwsÌªv~qv~¬exhnewh|qvxnevxpt
n|w{rtfis{xv:9ghWÄVâ BKhgnew{pqhW    7s{
±
w{~~wa¨4  
 	


     
 
»ÎV<hNsYu(cyw{¬ehNup<rqh
±
hgrtrqhW
ptw¿¨0v®ptc 2º|¸ ¹º·/newhWv~Gs{nÆÇ	ä
å
}Êv®p|qhNÌptcev¬e|Yh2ppqwqhg~hNupGvxptG¬@hN§p§|v®p(s¬e~h/Ç	ä
å
sn*
rth2ptertn|  
 
	
ﬃﬂﬁ
¨0cev~u(cÆvÌpqcehih$esYupGnef¬@hgrw
±
*wYxYw{n|Ìw
±
pqcehÄqhg~hNu2pqhWÒÇ7ä
å
»Èbcehi¬e*{hgpw
±
@w{~{wYn|7|qhN
±
w{rÎptceh0rthN§pw
±
pqcehVu(c|vxrthgninewhNv~În|wa¨  
 

 
 
	
ﬃﬂﬁ
@w{~BYw{n|N»bc|v~Î|rqwu2hWq
vrthg@hNsapthN
±
w{rhNsYu(cu(cev~~newhY}ep(srqpqv~ne
±
rtw{f pqcehnewhc|s^ªv~neptcehGcev~{cehWp0Vâ B6sn|hgn|evxne
E(EGFAHIJ1J1K
  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
¨0vxpqcÐpqceh"u(cev~~Ðnewhyc|s^ªv~neÂptcehy~wa¨<hN§pw{n|h{»ÁãwpthÄptc|sapﬂpqcev¬e|Yh2p/s{t§v~{nefihNnYpfﬂhgpqcewÐv~
v~nBpqhNrqhWptvxne
±
wYrsnÄ§§pqhNf©|qvxn|ﬂ~hgªYhgÊw
±
hgptsv~g»
 
 01 ﬀ1
lon"ptcev~§hWuptvxwYn"¨<hGertwaªv~hqw{fihrthNqe®p(qcewa¨0vxn|ipqcehG@hgr
±
w{rtf/sn|ughNw
±
wYern|s^ªv~YsaptvxwYnqpthgf
rthgBsr(v~neÆpqceh[qv:9ghw
±
ptceh[YhgnehNrtspqhN:espts¬*s{qhNN}8ptceh B|s{xvxpÐw
±
n|h2p¨<w{rt²¯pqr(sn*§fivqqvxwYn|/sn*
v~nBpqhNrtsYupqv~ªv®pÄeerqv~nein|s^ªv~YsaptvxwYnÈ»
  ' 
     
än|hvxfi@w{rqpts{nYp
±
hNsapterthw
±
snrqhNfﬂw{pqh¨s~²Bpqcertw{|{c§§pqhNfv0ptc|sapptcehqf/s~xhNrptcehespts¬*s{qh
qv:9gh{}ptceh
±
s{§pqhNrVptcehineh2p¨<w{rt²"pqr(sn|qfiv~t§v~w{n*g»bcevÌv~¨0cY}ÊvxnÆw{erÌfih2ptcewÊ}È¨<h|qhﬂerqwughNer(s
fiwhN~hNn|u2whW*§v~ne/siu2w{fierthNtqhNÄ¬|vxn|s{rq
±
w{rtfispN»
bwÄs{t§hWq<ptceh B|s{xvxpyw
±
wYeru2wYfierqhWqqhN¬ev~n|srt
±
wYrqf/spN}e¨<hGc|s^ª{hGYhgnehNrtspqhW

ﬂ|sapts{¬|s{qhN
w
±
ev®ÍhgrthgnBpyv~fihgn|qvxwYn|Äs{n| u2w{fi|s{rqhW¯ptcehÂqv 9NhN/w
±
ptcehÂs{t§wugv~spqhNÑ{hNnehgr(sapthNÐÔ|~hN
±
wYr
±
w{er
ev®ÍhgrthgnBp
±
w{rtfisptﬂ¨0cevu(c:s{rqh 4 Vb0×7Òpqh pN}8ugw{fierthNt§hW Vb0×7Òpqh pN}¬|vxn|s{rq¯s{n|Ðugw{fierthNt§hW
¬|vxn|s{rq
±
wYrqf/spN»ﬂ¼Òh/c|s^ªYhﬂsYqughgrqpts{vxnehW¿pqc*sapN}
±
w{rs"qs{fihi|sapts{¬|s{qh{}ptcehÄqv 9Nhw
±
s¬ev~n|srtÔ|~hiv~
s{x¨s^ÌxhWqpqc|s{n	;w
±
pqceh§v:9gh/w
±
s b0×7¿pqh BpÔ|xhY»"bc|v~§cewa¨Gpqc|spsxpqcewYe{cÁs¬ev~n|s{rq
Ô*xhv~
±
s{§pqhgrpqwy|sr(§h
Õ
qhghqhNu2pqv~w{n[j|» YÖ}@v®pwhNn|wphNnBptsv~sYevxpqv~w{n|s{	§pqwYrts{{hY»ãVh$pN}¨<hc|s^ªYh
ugw{fi|s{rqhWpqc|his^ªYhgr(sYhu2wYfierqhWqqv~w{nÂr(saptvxw¿w{¬eptsv~nehWÂ¨0cehNnÁugw{fierthNt§v~ne Vb0×7"pqh BpÔ|~hN¨0vxpqc
ptcehwYnehwY¬pts{vxnehW¿¬"ugw{fierthNt§v~ne/¬ev~n|srtÄÔ*xhWg»bcehw{¬p(sv~nehN¿rthNqexpt§cewa¨&pqc*sapVptcehqv:9ghw
±
s
ugw{fierthNt§hW Vb0×7pqh$p8Ô|xhÌv8h B|s*pqwﬂs¬@w{p  'w
±
pqceh§v:9ghÌw
±
s Vb0×7pqh$p<Ô|~h{}¨0cev~xhpqceh
qv:9ghw
±
su2w{fierthNtqhN¬evxn*srtÔ|xh0vÎh Y*spqws{¬*wYp 
	 Kw
±
pqcehqv:9ghw
±
s Vb0×7Ìpqh BpÎÔ*xhY»	bcehW§h
p¨<w¿rtspqv~wYsrthﬂpqcehNn«nehNs{rq~Âqvxfiv~~s{rN}v®pqcewa¨ ptc|sap*§v~ne¿pqc|h/¬evxn*srt
±
w{rtf/sapwnew{pv~nBpqrtw|u2h
~wY§p0¨0v®ptcev~n¿ugw{fierthNt§v~w{nB|s~v®pY»
Łv:9gh nBptv®ptvxhW 5<lã0z@lo whN spqv~w

+
  
ﬀ
.2WÙ

   5 


	    5  	

	 	 
ﬀ
jB  

   5 ,
 
 	  5  	 
 	

 
ﬀ
YÙY 


 5 
     5  	 
,

,
	  
ﬀ
DDB ,
   5 	

 	   5  
 
,		   
ﬀ
Y{Ù   	  5 

.,    5  



 	  
ﬀ
2NBÚYÚ 

   5

 .  5   
b	s¬e~h324
å
sap(s¬|sY§hGqv 9NhNsn|¿ugw{fierthNt§v~w{nrtspqv~wYN»
V®ptcew{eYc¯w{|r¬ev~n|s{rqÒÔ|~h
±
w{rtf/sapﬂwÍhgr(
±
s{§p*sr(§v~neÂ@wYt§v~¬ev~xvxpqv~hNﬂsn*«{ww¯u2wYfierqhWqqv~w{n
r(saptvxwBg}gpqceh8f/sv~nu2w{fierthNtqvxwYnv=sYu(cevxhNª{hW¨0c|hgnG|qvxn|0erqwughNer(s{fﬂwhN{|s{rts{fih2pqhNrt@ptwVhWqugrqv~¬*h
ptcehVYhgwYfﬂhgpqrtw
±
pqcehfiwehgg»Îbwu2wYfﬂ|pqhVpqcehu2wYfﬂ|rqhWqqvxwYnirtspqv~wYN}{¨<hVc|s^ªYhu2w{fi|s{rqhWﬂpqcehÌ§v:9gh
w
±
pqcehugv®p"fiwhg
Õ
|§hWÂs{0pqhN§pÌtu2hNnehN(Ö<¨0cehNn[ptw{rthN"v~nÂu2w{fierthNtqhN"¬ev~n|srt
±
wYrqf/sap¨0v®ptcpqceh
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! Y
qv:9gh"w
±
ptcehNqhqs{fﬂh"fiwhgﬂ¨0cehgnÐpqcehNvxr/Yhgw{fihgpqrtÆviu2wYfﬂ|xhgpqhg~«rthNu2wYn|§pqrt|upthN¯*§v~neÆw{eriÇÊz
qpthgf rthg¨0rtv®ptvxneﬂ§§pqhNf"»Îbcehpts{¬e~h 2§c|wa¨ptcehrthNqexpt
±
w{rsﬂ§hgp<w
±
esap(s¬|sY§hWg»7bcehu2w{~efin|
rthNq@hNuptvxªYhg~ÄrthgerthNqhgnBp<pqcehYrqwYen|"§|r
±
sYu2hw
±
siu2vxpyfiwhgS}evxpt0nef¬*hNrw
±
hgnBpqvxpqv~hNN}ptceh§v:9ghGw
±
ptcehespts¬*s{qhÌv~ns/u2wYfﬂ|rqhWqqhN¬ev~n|srt
±
w{rtf/sapW}pqcehqv:9ghGw
±
pqc|hGfﬂwhNÈ¨0cehNn"rthNugw{n|§pqrt|u2pqhN"sn*
Ô*n|s~xÒpqc|hyr(sapqv~wÂ¬@h2p¨<hghNnÁpqcehyp¨8wÂs{§pqv 9NhNN»[bcevGp(s¬e~hugw{nÔ|rtf/Gptceh
±
sYupptc|sapﬂerqwughNer(s
fiwhN~srthÄw
±
cev~{c¯v~nBpqhNrqhWpv~n¯rthgfiwpthÄn|s^ªv~YsaptvxwYnÁ¬*hWugs*§hÄw
±
pqcehNvxri§f/s{x<§v:9gh¨0cev~u(c«f/s{²{hN
ptcehgf¨8hNxÈqevxpqhWyptwixwa¨&¬|sn|e¨0v~ptc¿neh2p¨<w{rt²g»
          % 
 & !#"
lonÁwYrthNrÌpqwsn|s{x9Nhptcehipqr(sn*§fivqqvxwYn B|s{xvxp{}¨8hic|s^ªYhrthNugw{r(hNÒs¿¨<s{x²Bpqc|rqwYe{cÒ|saptcÆuNs~xhW

Õ
w{n"pqc|hu2~vxhNnBpV§vhWÖ2»8bcev*sapqc¿|sYqqhN<ptcertw{eYcptceh§pqrthgh2p(0w
±
s 	f© B|srthfiwehgÈptc|sap
ugw{nBpts{vxn* 
	 ÌhgnBptv®ptvxhWsn|Ô|ªYh0|srt²
Õ
×	vxYerqh 2ﬀDYÖ»7bcehNnÈ}{¨<hc|s^ª{h@hgr
±
w{rtfﬂhWp¨<w¨<s{x²BptcerqwYe{c*
Õ
¨0v®ptcÄsn|i¨0vxpqc|w{p|rqh
±
h2ptu(c|vxneÖ	|qvxneptcehrthNugw{r(hNﬂ|spqc/sn|/sGqv~fesapthNﬂneh2p¨<w{rt²ugw{nen|hNuptvxwYn
¨0vxpqcsﬂ¬|s{n|¨0vpqc¿w
±
 	 ¬ aN»
×	v~{erth 2-D	4Èb=wYGªvxhN¨Æw
±
pqcehpqhN§p	ugv®pÌfiwhgBsn||spqcG|qhN
±
w{rÈnehgp¨8wYrq²YhNÌ¨s~²Yptcertw{eYcÌs{n|s~§vg»
bcehn*s^ªBv~Yspqv~w{n:§@hghW
±
wYripqcehW§h¨s~²Bpqcertw{|{c|c|s{i¬@hghNn¾§hgp/pqw

²f acÈ»
å
ertv~neÁpqcehW§h
¨s~²Bpqcertw{|{c|N}¨8hugw{enBpN}
±
w{rhWs{u(c"nehg¨
±
r(sfih{}ptcehGnef¬@hgrVw
±
hgnBpqvxpqv~hN0pqc|spVsrthGvxn"pqc|hØÌŁ"w
±
E(EGFAHIJ1J1K
D  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
ptcehÄu2|rqrthgnBpu2hNxS»VfﬂwYne"pqcehW§h/hNnBpqvxpqv~hNN}¨<h/u2w{|nYpGptcewYqhipqc*sapc|s^ªYhﬂn|wp¬@hghgn«s{xrthNsY[wa¨0nz
~wYsYhN/s{n|iptcewYqhV¨0cewB§hV{hgwYfih2pqrtﬂc|s{newp¬*hNhgnys{xrthNsYﬂ{hgn|hgr(sapqhW
Õ
rthg¨0rtv®pqpqhgn@Ö¬ﬂpqcehrqhN¨0rqvxp§z
v~neÒpqcerthNsYÊ»«bcevﬂs{x~wa¨|pqwÒugw{fiepthyptceh¿*hNrtughgnBpts{{hÄw
±
nehNhNhW¯hgnBptv®ptvxhWﬂpqc|spﬂc|s^ªYhy¬@hghNn
ewa¨0nexwBs{hW
Õ
ugs{x~hN/ewa¨0nexwBs{v~neB|s{xvxpeÖÎsn|ﬂptcewYqh0ptc|sap<c|s^ª{h0¬@hghNnÄrqhN¨0rqvxp§pthgn
Õ
ugs~~hNirthg¨0rtv®pth
B|s{xvxpeÖ»l
±
¬@wptc[ªas~ehWs{rqhhB|s	ptw

 y}*pqcehpqr(sn*§fivqqvxwYn B|s~vxp"vÌ*hNr
±
hWup
±
w{rÌpqc|hnehN¨
±
r(sfihY»×	vxYerqh32aÚqcewa¨cewa¨ÃpqcehW§hp¨<w/@hgr(u2hgnBp(s{hÌªas~ehNhgª{wYxªYhwaªYhgrptvxfihsn*yptcehqv 9Nh
Õ
h$z
|rqhWqqhNvxn  5<BpqhWtÖ<w
±
hNs{u(c"w
±
ptcehhgnBptv®ptvxhWwa¨0ne~wYsYhN¿ertv~neipqceh¨<s{x²Bpqc|rqwYe{cÈ}¨0c|hgn¿|qvxne
wYrnewperth
±
hgptu(cev~ne*»
0
20
40
60
80
100
120
0 100 200 300 400 500
0
10
20
30
40
50
60
Qu
al
it
y 
(P
er
ce
nt
ag
e)
Time (seconds)
Downloads
Downloads quality
Rewrite quality
0
20
40
60
80
100
120
0 100 200 300 400 500
0
10
20
30
40
50
60
D
ow
nl
oa
ds
 (K
By
tes
)
Time (seconds)
Downloads
Downloads quality
Rewrite quality
×	v~{erth 2^Ú4ÇÈh
±
pﬀ4=rthNqexpt	w
±
wa¨0ne~wYs{evxnewaª{hNr=ptvxfih{}Ywa¨0ne~wYs{evxne B|s~v®ps{n|rqhN¨0rqvxpqv~ne Y*s~v®p
±
wYrpqcehG¨s~²Bpqcertw{|{c

}¨0v®ptcew{ep|§v~neierth
±
hgptu(cev~ne|»vxYcYpﬀ4Îqs{fﬂhY}|qvxneierth
±
hgptu(cev~ne*»
¼¾cehNny~ww{²vxn|sap8pqcehwa¨0ne~wYsYvxn|Gexw{pN}¨<hugs{nÄw{¬*§hNrqªYh0cevxYcehgr<ªas~ehN8sap8pqcehÌ¬*hN{v~nenev~new
±
ptceh¨s~²Bpqcertw{eYci¬*hWugs*§h0w
±
ptcehVn|vxnehVen|u2wYfierqhWqqhNib ;Upqh$pterqhVfis{|
Õ
w
±
qv 9Nhrts{ne{v~ne
±
w{rtf

  pqw 	 ÖÈ|§hWGv~nw{|rÈpqhWpÎtu2hgn|h{»bwVwaªYhgr(u2wYfﬂh7ptcev|rqwY¬exhNf¿}WwYneh8ugw{eG|qh8ugw{fierthNt§hW
|rqwY{rthNt§v~ª{hÎv~f/s{h8rqhNerthNqhgnBptspqv~w{nq|u(cs{7Y ;G{{{w{r	b0Â
±
w{r7¨0cevu(chgÏ/ugvxhNn|u2h8¨0cehgn|qvxne
Vâ B<v~hgptsv~~hNÄv~nﬁ= >S»ÎãhNª{hNr§ptcehg~hNtg}wa¨0ne~wYsYv~nev<xwa¨ ptc|sne²pqwﬂw{erertwu2hWer(s|fiwhN~
s{n|"w{erugw{fierthNt§hWÄ¬ev~n|s{rq
±
wYrqf/spN»lons{|v®ptvxwYnÈ}|wa¨0n|xwBs{v~neﬂv~0c|w{fiw{YhgnehNw{|qxÄev~§pqrtvx¬|pqhW
waªYhgrVpqv~fﬂhiwa¨0v~nepqw"w{erGq|saptv~s{7qe¬v~ªBvqvxwYnÒsn*[ªv§v~¬ev~xvxpÂu2wYfﬂ|ptspqv~w{n[rthNqexptN»×	vxn*s~xY}Êpqceh
ewa¨0nexwBs{v~neÂs{n|ÁrqhN¨0rqvxpqv~ne B|s{xvxpÆexw{ptﬂ§c|wa¨ ptc|sapﬂerth
±
h2p(u(cev~ne[s~~wa¨pqwÒw{¬p(sv~n¯sÂ@hgr
±
hNup
ptrts{n|qfﬂvt§v~w{nY*s~v®p
Õ

	ﬂÖ8fﬂwBp0w
±
ptcehpqv~fih{»
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! BÚ
      	ﬃ !#"
hNugs{x7ptc|sapw{erqpthgfËrthg~v~hNw{nÒpqc|h
±
rts{fihﬂr(sapth/cevptw{rtpqwÂugw{fiepthipqceh 	a¸ !g¶ aº 	#g¶B·Ìpqw
¬@hﬂ|§hW
±
w{rÌhNsYu(cÂnehN¨
±
rts{fihu2wYn|§pqrt|uptvxwYn
Õ
ŁhWupqv~w{nÁ» BÖ2»Ìbwqcewa¨6pqc*sapw{er§§pqhNfÓsYesepVpqw
ev®ÍhgrthgnBp0²vxn||8w
±
ugw{fiepthgrpqwis{u(c|vxhNª{hÌvxnBpqhNrtsYuptvxªvxp{}¨8hc|s^ªYhqvxfesapqhWs¨s~²Yptcertw{eYcÄ|qvxne
ptcehG|spqc

Õ
×	vx*» 2-DBÖ<w{np¨8wÄev®ÍhgrthgnBpVu2wYfiepqhNrtN»×ewYrhNsYu(c"ugw{fiepthgrW}e¨<hGc|s^ª{h@hgr
±
w{rtfﬂhW
ptcev¨s~²Yptcertw{eYcÄp¨0vu2h{}*newptvxn|ipqc|sp
±
w{r0ptcehqhNugw{n|ypqv~fihs~Èptcehwa¨0ne~wYsYhN¿esptsi¨<hgrthÌ²Yhgp
v~nBpqwÄfihNfﬂwYrqY»V×	vxYerth 2NÄqcewa¨ptceh
±
r(sfihrtspqhs{n|"pqceh ¸ !g¶ aº 	#g¶B·waªYhgr0ptvxfihY}@fihWs{qerqhW
±
wYrÌs7hgnBpqv~ef g<äÌãG2{» Ú;Ìc 9
Õ
2?; 5´V ¨0v®ptcÆs"ãªvvs |sYrtwBirtwBÖsn*[s	hNnBpqv~ef;l§lql
Y{Yc 9
Õ
 2W{5Ð;¨0vxpqcysãVªv~vsb0ãb{Ö2»	×|w{rptcehNqhp¨<wpqhWp(g}B¨<hVc|s^ªYh0|§hW/sGfivxn|vxfef
p(srt{hgp
±
r(sfihVr(sapthVw
±
Y
±
|<sn*ys
±
r(sfihrtspqhVc|v~§pqwYrqi¬|sY§hW/e@w{nÄptceh
±
w{er<~sYp
±
r(sfihNN»Îänypqceh
±
r(sfih/r(sapth/exw{pN}	¨8hugsn«qhgh/ptc|sappqceh
±
r(sfih/r(sapth/w
±
pqcehÄÔ|rt§p¨s~²Yptcertw{eYc
Õ
rts{ne{h'= {N} YYﬃ> Ö
vÄ~hNtÄ§pts{¬exhÂpqc|s{n pqceh[qhNugw{n| wYneh
Õ
r(sn|{h = {Yg} Y{ >¹Ö2»&bcevÄvyeehpqw¯pqceh
±
sYupÄptc|sappqceh
rthg¨0rtvxpqv~nepqc|rqhWs{«¨<w{rt²v~n¯|sr(s~~hg¨0vxpqcÐpqceh"f/sv~n«pqc|rqhWs{Áptw[{hNnehgr(sapth/pqc|hYhgw{fihgpqrtÒw
±
pqceh
ev®ÍhgrthgnBphgnBpqvxpqv~hNwa¨0ne~wYsYhNÄwaª{hgr8pqv~fih{»ãVhgª{hNr§ptcehg~hNtN}Y¨<hÌuNsn"§hNhVptc|sap<pqcehÌp(srt{h2p
±
rts{fihr(sapth
v7s~¨<s^=rqhWs{u(cehWG¨0v®ptcﬂsª{hNrqGqf/s~Bsapthgn|ug{»7bcevv	|srqpqvu2|~s{rq~ªBvqvx¬e~h<¨0v®ptcptcehxhWq	@wa¨8hNr
±
e
ugw{fiepthgrW»"änÆpqceh @¸ !g¶ º 	#g¶B·G|xw{pN}=¨<hÄugs{n«§hNhipqc|sp
±
w{rstsfihﬂpts{rqYh2p
±
r(sfihirtspqh{}¨8h
wY¬pts{vxn«sªYhgrtÂcev~{cehNr@w{~BYw{nÁ¬e|e{h2p¨0v®ptcÁpqcehÄfiwYrqh/@wa¨8hNr
±
|u2wYfﬂ|pqhNrN»¿bcevv§@hNugv~s{x~
ªv§v~¬e~h¨0cehNn¨<s{x²v~ne/vxn¿ptceh*srt²y¨0cevu(certhNqhgnBpt0srt{hGØÌŁ
Õ
r(sneYh= 2aÚ{g} {{{ >¹Ö2»8ãw{pqhGptc|sap
ptceh~wa¨8hNrÎpqc|h0pts{rqYh2p
±
r(sfih0r(sapqhY}ptcehVcev~{c|hgrÎptcehVªv§|s{ B|s~vxp
Õ
×v~{|rqh 2WÙYÖ2»Îâ8wYn|§h BehgnBpq~{}Yw{er
qpthgfsYesp(VªYhgrt¿hNs{qv~x"pqw¿u2wYfiepqhNrtÌw
±
vxÍ@hNrqhNnYpGugs{|s¬|vx~v®ptvxhWsn|Âpqw¿v®ÍhgrthgnBp|qhgr{wBs
Õ
vxnBpthgr(s{uptvxªvxp{}ªv§|s{ B|s~v®pY}vxn¿¬@h2p¨<hghNnÈ}h2p(u» Ö»

%'"8ﬀ2 "1=g
lonÑpqc|v~irthg@w{rqp/¨8h"c|s^ª{h¿qcewa¨0nÐptc|sap/ertwu2hWer(sfiwehg/srthw
±
cev~{c:vxnBpthgrthN§pﬂ¨0cehNn:pqcehsv~f
vn|h2p¨<w{rt²{hN"¨s~²Bpqcertw{eYc¿w
±
srt{htu2hgn|hNVq|u(cÂsYVu2vxpqv~hNN»lon|ehghNÈ}*ptcehgv~rqv:9ghvªYhgrt"qf/s~P}qw
ptcehgugsnﬂ¬@h8ptrts{n|qfﬂvxp§pthNﬁBev~u(²~Gwaª{hNr	sÌnehgp¨8wYrq²»=¼Æhc|s^ª{h<{hNnehgr(sapthNpqcehW§hertwu2hNeerts{YfiwhN~
¨0vxpqc«s¿fiwvxÔ|hNÆª{hNrtqv~w{nÆw
±
pqcehÄÇÈz°qpthgfsneY|sYh{»Äbceh/YhgwYfﬂhgpqrtÂw
±
ertwu2hNeerts{7fﬂwhN~v~
YhgnehNrtspqhWÄw{nypqcehÅ*ysappqc|hu2~vxhNnYpqv~eh{»7¼Òhs{rqhÌnewa¨ÃuNs|s{¬e~hÌw
±
YhgnehNrtspqv~ne¬e|vxv~neYN}eptrqhNh2p(g}
ugrqwBqqrtwYs{|s{¨8hNxÎsYªYhgYh2ptspqv~w{n~vx²YhptrqhNhNN»äerxv~¬er(srt¿w
±
ertwu2hWer(s=fiwhN~ugs{n[¬@hihNs{qv~x
h pqhgn*hNpqwisrt{h
±
sfiv~xv~hN0w
±
wY¬hNu2pt<pqc*sne²<pqw/wYer0h$pthgn|hWÇÈz°qpthgf©tu2rtv~pqv~nei~s{ne{*s{hY»
0hNfiwpqhÌrthNs@ptvxfihn|s^ªvxBsaptvxwYn/c|s{<¬@hghgnf/s{hÌ*wBqqv~¬exhpqc*sne²8pqwpqcehªv§v~¬ev~xvxp/erthgertwu2hNt§z
v~neptc|sapc|s^ª{h/¬@hghNn«*hNr
±
wYrqfihNÆ|qv~nepqc|hÄ{r(sec|v~uNGc|sr(¨srth/sn|Òpqc|hy|qhÄw
±
Ç	ä
å
qhg~hNu2pqhW
*§v~neﬂw{er0Vâ BVN»äer0Vâ B0z°¬|s{qhNyfih2pqc|wyv~wYrqv~{v~n|s{@s{n|Äfiw{rthÌh2ÏÄu2v~hgnBp<pqc|s{nyptcehGu2w{fifiw{n|x
*§hWywYnehÌugw{n|qvptvxneﬂv~n"ugw{fi|srtv~ne¨0vxpqc¿spqcerthNqcewY~ÄpqcehGvp(sn|ugh¬*hgp¨8hNhgnpqcehªvxhN¨8hNr0sn|ypqceh
wY¬hNu2pt¨0vxpqcev~nÁpqc|hyqughgnehY»ywYrqhNwaª{hgrW}pqc|v~fﬂhgpqcewÁs~~wa¨w{nz°xv~nehÄqhg~hNu2pqv~w{nÁw
±
ªv~q|s Y*s~v®p
s{n|vxnBpqhNrtsYuptvxªvxp{»
E(EGFAHIJ1J1K
{  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
0
20
40
60
80
100
120
140
160
0 50 100 150 200 250 300 350 400 450 500
Fp
s
Time (seconds)
XEON 1.7Ghz Quadro2 Pro
PIII 800Mhz TNT2
Target FPS
0
10
20
30
40
50
60
0 50 100 150 200 250 300 350 400 450 500
Po
ly
go
n 
nu
m
be
r /
 1
00
0
Time (seconds)
XEON 1.7Ghz Quadro2 Pro
PIII 800Mhz TNT2
×	v~{erth 2N 4Èbw{ 4×er(sfih<rtspqh<waª{hNrÈpqv~fih
±
w{r7¨<s{x²BptcerqwYe{cﬂŁ es^{hWGp¨0vu2h<w{nﬂsV7hgnBptvxefagV<äÌã
2Y» Ú; B 9Y}	2ﬀ; 5 «}ãªv~ev~s *s{rtwBÌrtws{n|/sG7hgnBpqv~ef4lql§l{Y{B9{}.2W{5ÐVV«}ãªvv~s
b0ãb»A5<wpqpqw{f 4Î7w{~{wYny¬e|e{h2pwaªYhgr<pqv~fih
±
w{rptcehqs{fihpthN§ptN»
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! {Ù
×	v~{erth 2WÙ 4¯¼Ás~²Bpqcertw{|{cUªv~hg¨"w{¬p(sv~nehNÃ¨0v®ptc&sÑ7hgnBpqv~ef g<äÌã 2Y» Ú; B 9Æ¨0v®ptc&s:ãªvv~s
*s{rtwBÄrqw*}=tu2rthghgnÒrqhW§wYxepqv~w{n[h B|s7ptw 2WY YYe»bw{ 4Ìpts{rqYh2p
±
|Gqh2ppqw[Y
±
|N}Êw{¬eptsv~nehW
De» 
±
|N}{*§v~neD 2NÙ{*wYx{wYn|N» 5<wpqpqwYf<4pts{rqYh2p
±
|<qh2pptwY
±
|N}{w{¬eptsv~nehW/	2Y» Ú
±
|g}Y|qvxneﬂYÚaYj
@w{~{wYn|g»
E(EGFAHIJ1J1K
jY  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
 ½0$a70<01
= 2>GVvxrthgY}8*»«»~}<*»AB»0wYce
±
}8sn*Ñ×<»Î7» 5<rqwwY²@»Ñb=wa¨sr(«v~fis{{h"rqhWs~v~qf¨0vxpqc:vxnBpqhNrtsYuptvxªYh
|@espqhrtspqhNVvxnÂugw{fie~h$¿ªvxrqpq|s{=¬e|vxv~neyhNnBªv~rqwYnehgfihNnYp(g»lon  ! 	?$1. aº ¹º	o·
qµa·
 
¶
qµ   $}**s{hW<	2e|} 2WÙ{Ù{|»
= >
å
»VxvsBse}=*»	â8wYcehgnÈ} B» c|sne*}G»(5<sYptwYN}=b» BV|eqw{nÈ}7sn|«â»Èrtv~²qw{n=»Ä7wa¨8hNrÌ|~s{nYp
¨s~²Bpqcertw{|{c 4¿n v~nYpthgYrtspqhNÑ§§pqhNf
±
w{r/f/s{tqvxªYhfiwhg0rthgn*hgrtvxn||» b=hWu(cenevugs00hN*wYr§p
b0VÙBÚWzo 2We}
å
hN|srqpqfihNnYpﬂw
±
â8wYfiepqhNriŁeu2v~hgn|ugh{}n|vxªYhgr(§vxpÁw
±
ãwYr§ptc:â<srtw{~v~n|s¿zâ8c|s@hg
BVvx~S}*||»|<2WÙ{ÙBÚ»
= j>â»Vn|a§s{rN}|â»eŁswYn|saz°Øs9 Beh9Y}{l»ãVs^ªas9Nw|}sn|Ä	» 5<rtenehgpN»ÈlonBpqhN{r(saptvxnewuNu2~|qvxwYnyu2e~~vxne
s{n| ~hgª{hN~Äw
±
h2p(sv~~iptcertw{eYc:c*sr(xBz°ªv~qvx¬|xhqh2ptN»GA  .°·
 /,
qµ 	 $ (
1.ﬂ} 2WÙ
Õ
jYÖ}
{{Ye»
= >G» 9Nef/s«sn| ;ﬂ» 5<v~qcewYÈ»U
±
rqh Behgn|ugBz°wYf/sv~nÑsn*s~qvw
±
c|hNs{zSfiwptvxwYnÐerthNev~u2pqv~w{nÈ»
*,
-(·(·)#¹º¶$  ﬂ / /0 C*  	
a}|*s{hW<Y 2BB{e} 2NÙYÙY»
= > B» 5<vxhNrqf/s{nenÈ}È»(Bhgrqp9Nf/snenÈ}|»ÈhN{hNrN}Ès{n| i»Ê7hNrq~vxn=»iŁBp(sapthg~hNtrqhNfﬂw{pqhﬂhgnªvxrtw{n|fﬂhNnBp
¨0vxpqc¾ªv~hg¨½u2w{fierthNtqvxwYnÈ»¾b=hWu(cenevugshg@w{rqp2NÙ{ÙYÙaz§Úa{|}ÎhNev~s«0hW§hWsr(u(cÑÇs¬È»~}
å
hgepN»w
±
â8wYfiepqhNrŁugvxhNn|u2hY}eãhg¨w{rt² VnevxªYhgr(§vxp{}Verqv~02WÙ{Ù{Ù|»
= D>G»Èâ<s{rqhNs{n|ﬁ;ﬂ» 58hNxS»
 
|·º|º oµo· #

 ³  V·ﬂ2·
q·gº (·³[µaº |µa¸ »0ev§wYnz°¼ÒhW§~hg
å
hgªYhg~w{@hgr(rthNtg} 2WÙ{ÙBÚ»
= Ú?>G»<â8c|s{nÈ}8G»Î¼´» B»Ç=s{È}8s{n|:»ŁvS»:Ófiw{pqv~w{nÐ|rqhWv~u2pqv~w{n:fih2pqc|w
±
w{rÄÂw{|qh2z 5s{qhN
n*s^ªBv~Yspqv~w{nÈ»lon3B» B»{Ł»lo=}{ã»{[s{n|hgn|sp§zobc|s~f/snenÈ}s{n|ﬂb» zŁ»Yâ»G»a¼´»B»{Ç=s{È}hWv®ptw{r(g}
*,
-(·(·)#¹º¶$+ ﬂ e·	 0  .°·
 /,
qµ   $ 2º	o·
ºµ" aºµa¸ Aº-ﬂ2·
q·gº (·ﬀ) /0ﬁﬃﬂa}|s{{hN
2Wj{Ù 2gBe}ÇÈwB<V~s{fiv®ptwYN}|{|x;j .Dﬂ{{	2{»lo&â8wYfﬂ|pqhNrVŁwu2v~h2p{»
= >
å
»7â8wYcehgnezärW} ;ﬂ»=×	vx¬|v~qcÈ}
å
» Bs~*hNrqv~nÈ}	sn|Æ» Ês{vu(c|srtv~w|»yâ8w{n|qhgrtªasaptvxªYhªv§v~¬ev~xvxp[sn*
§pqrtw{n|wuNu2~|qvxwYn
±
w{rªv~hg¨q|s{ugh/|srqpqvxpqv~w{n|vxnew
±
hgn*§hNxÆwugu2~|hW«qughgnehWg»¿lon 0  .o·

/,
qµ  . 1$ (
1.ﬂ}|s{{hNYj{{je} 2NÙ{ÙYe»
= Ù>
å
»|â8w{cehNnz§ärN}Bãw{v~f/srt²}Ysn*Äb»@ªvS»È&qhgrtª{hNr§z°¬|sY§hWv~nBpqhgr(s{u2pqv~ª{h0rthgfiwpth¨s~²Yptcertw{eYcÈ»lon
 /8³¿³ !}={	2{»
=:2N> g»
å
hWu2w{rth2pW}*×<»ÊŁvx~~vxwYnÈ} ;ﬂ»Łu(c*sÅ|hNrN}@sn|[|»
å
wYrtqhgY»VexpqvxzSs^{hNrqhW"vxfi@wY§pqw{r(
±
wYrsYugu2hN®z
hNrtspqhWyrthgn|ehgrtvxne*» A  .°·
/,
qµ 	 $  
1.} 2N
Õ
jYÖ4 D	2eÚje}B§hN 2WÙ{ÙYÙe»=l§Ł|Łã 2N DBÚ^zÚY{e»
=:22>×<»
å
erts{n|Ê};ﬂ»
å
rth2pqpts{²BvN}^*»^bcew{~xw{pN}asn*â»NehNu(cÈ»eâ8w{n*§hNrqªasaptvxªYhÎªv~qvx¬|vx~v®perthg|rqwu2hWqqv~ne
*§v~ne/h$pthgn|hW"erqw{hNu2pqv~w{n|N» * 
ﬀ(·t·)#¹ºB¶$ ﬃﬂ./ /0 * "!a}Yex¿Y{e»ABVhgv~nÂãhN¨
ärt~hNsn*g}ÇÈwYev§vsn|s|»
=:2W>b»<×een|²Bc|w{|qhgrW»
å
sap(s¬|sY§h¿f/sn*s{hNfihgnBp
±
w{rÄv~nBpqhNrtsYupqv~ª{hÂev~qes^Ðw
±
srt{hÂsr(u(cevxpqhWupq|rts{
fiwhN~N»Îlonﬁ* 
ﬀt·(·)#¹º¶$  ﬂ/,
qµ 	 $Cº	o·
ﬂ2µ(·2}||sYhN 2e}Âs^2WÙ{Ù De»
 Eﬀﬂﬁ
 ·o·2º	o·
tµa·iµa¸ 
{¶ﬀﬁﬃﬂ "!i³ﬀ#{·g¸%$'&($)¹º¶+*,
-(·)#.
tµa¸0/·)/·"
1! j	2
=:2Nj>b»Y»Y×|ene²cewY|§hNrN}â»B»YŁhBev~nÈ}Ys{n|/Ł»{*»b=hNx~hgrW»*Âs{n|sYhgfihgnBp7w
±
~s{rqYh0sfiw{enBp(7w
±
|sapts
v~n"vxnBpqhNrtsYuptvxªYhV¬eev~vxn|¨s~²Bpqcertw{eYc|N»Êlon  ! 	?$1. º º °·
qµ"^·
 
/,
qµ   $}e|s{{hN
2 2ee} 2WÙ{ÙYe»
=:2g>*»A;sv~x~Æs{n|¯«»	0~hgrW» Ó³[µ$ $1a·2¸ ! + 

!*·

·2¸  (µ°·g¸ ! &	º  "
1$1^· 0  
q·$)$1 aº
A
tµ
1!a} 2WÙ{Ù De»	cYpqpq 4  a¨0¨0¨G»  9gv~È» w{rt ?9Nxv~¬ »
=:2W>
å
» Bhg²f/sap 9NsYese}|*»*ÂhNqh2pqc=}*sn*"» ~hgv~nÈ»0ãw{nezSec|wpqwYrqhWs~v~§pqvuÌrqhNn|hNrqv~neiw
±
u2wYfiexh "jY
fiwhN~wYnÒfiw{¬|vx~hﬂehgªv~ughNN»lon 0aº-ﬂ2·
q·gº (·  ﬂ3|· º °·
º@µ º@µ¸  $)$- µ" aº<ﬂ
ﬂ³[µe· 
/µ" (µa¸ /0·)¸ q¶!a}|ªYw{~efih}|s{{hN0ÙYj Ù{e}ŁhNpqhNf¬@hgr{{Ye»
=:2-D> B»	BwYe@h{»Îrtw{YrqhWqqvxªYhVfihNqcehWg»Îlonﬁ* 
ﬀ(·(· #¹ºB¶$ ﬃﬂ./ /0 * }|sYhNÙ{Ù 2W{e} 2NÙYÙD|»
=:2^Ú?>¯»Ç=hgªYwa{»07w{~{w{nez°sYqqv~§pqhW@hg"sn|Âfﬂ@hg"u2wYfﬂ|rqhWqqvxwYn¿w
±
qBnBptceh2ptv~uvxf/sYhNN»0lon  	³
./ /0 * G}|s{{hN 2ee} 2NÙYÙYe»
=:2N> ﬂ»Âsn|nﬂs{n|
å
»Yâ8w{cehNnz§ärN»Łhg~hNu2pqv~ª{hev hgBpqr(sn|qfiv~tqvxwYn
±
w{r7n|s^ªv~Ysaptvxn|Vv~nrthgfiwpth8ªv~r§pt|s
hNnªBv~rtw{nefihgnBp(g»7lon 0  .o·
/,
qµ   $ (
1.ﬂ}eª{wYxefih+2-D
Õ
jYÖ2}|sYhN{ 2e De}	2WÙ{ÙÚ»
=:2NÙ>Ìl»Y«»{Âs{r§ptvxnÈ»@0esepqv~ª{hrqhNn|hNrqv~new
±
j{fiwehgÎwaª{hNr	n|h2p¨<w{rt²	|qv~neGfexpqv~e~h0fiw|s~v®ptvxhWg»
bhNu(c|nev~uNsÈ0hN*wYr§pVâ 2^ÚY}Blﬃ5 b» |»|¼Æsptqw{n¿0hNqhNs{rtu(câ8hgnBpqhNrN}es{erqv~=Y{|»
= >*» zS»BÂsrtªvxhY}Y*»{7hgrtrth2pN}Bsn|i» 58wY|saptw{|u(c=»@0hNfiwpqhVrqhNn|hgrtv~neGw
±
f/s{t§v~ª{hNxpqh$pterqhW/j
å
tu2hNnehNVpqc|rqwYe{cÂ|rqwY{rthNt§v~ª{hÌpqh pqerthf/s*g»Ìlon
 
e·
 

#  
 


)aºﬀﬂ2·
t·2º t· aº

 $1|µa¸ ﬂ
$gµ º iµN¶¹º¶"µº # 1/µg¶B· * 
 -(·$ $1¹º¶}|qhgep{Yje»7b=w/s{e*hWsrW»
= .2>
å
»|hNnehgªYhNs{ﬀÊ}BV»eÂsv§hNP}es{n| i»5<wY|saptw{|u(cÈ»	6nehg¨&|srqpqvxpqv~w{n|vxneﬂfih2ptcew
±
wYrs{rtu(c|v®pthNuz
pter(sÈhNnBªv~rqwYnefihgnBptN»  .
º@µ¸ ﬃﬂ

 $)|µ¸  Wµ" aº«µaº #'0  .o·
 º iµ º|}|[s^2NÙYÙBÚ»
= {> ﬂ»=l» B»=Îs{rqv§cÁsn*Ò7»7e~xhNrN»rtwughN|rts{ÎfﬂwhNxv~new
±
ugv®ptvxhWg»lon«Vâ<«}=hWv®ptw{rW} ./ 
/0 C*  !@0aºﬀﬂ2·
q·gº (· *,
-(·(·)#¹º¶$  C{¶$) 	   (?$º¶Y·g¸x·$  }	|s{{hN
jY 2j{Ye}ãhN¨w{rt²}eã  2W{{j De} Łe}*{{ 2Y»Vâ<ËrthNtN»
= j> B»YÔ*pthgrW}B¯»@¨0vu(²{hNrN}B|»Yªasn 5s{s{rN}Bsn|/«».;ÌrtwYtg»ÊŁer
±
hg4ÎŁer
±
s{ughhg~hgfihNnYp(sYrthgn|hNr§z
v~neÂ|rqv~fiv®ptvxªYhNN»Älon i»=²Yhg~hgY}hWv®ptw{rW}  ®¶N¶
qµ 	 ! 0  .o·
'/,
qµ  . 1$3*,
-(·(·)#¹º¶$}
*s{hW0j{jBj{Be»YVâ< rthNt Vâ<Łl ; ;V B 0eev~qw{n"¼ÒhW§~hgÇÈw{n|{f/snÈ}|{{Ye»
= a>Ì7»Îrt|qvxn|²Bv~hg¨0vu9¿sn*Ð»ÎÇ=vxn|ehgnef/s^{hNrN»
 
e·ﬀ¸ ¶ 
1.   V·(µ.! ﬃﬂ *<¸xµº	$ÑŁertvxn|{hgr
ØÎhNrqs*} 2NÙYÙ 2{»
= {>GŁÊ»È0|qvxne²v~hg¨0vu9isn|[«»ÈÇÈhNª{wa{» Łesapﬀ4 fexpqv~rthNqw{~pqv~w{nÒ*wYvxnBprqhNn|hgrtv~neqpthgf
±
w{r
srt{h"fihNqcehNN»Ðlon i»Î²Yhg~hg{}8hNvxpqwYrN}  ®¶W¶
qµ   !  0  .o·
 /,
qµ 	 $ *,
-(·(·)#¹º¶$}
Vnen|sÎâ8w{n
±
hNrqhNn|u2hﬂŁhgrtvxhWg}||sYhNj{Yj jYY»Vâ<­rthNt iVâ< Łl ; ;V B ﬂ0ev§wYn
¼ÆhNq~hgÇ=w{neYf/snÈ}eY{|»
= D>GŁÊ»Y0|qv~ne²vxhN¨0v~u9sn|i«»{Ç=hgªYwa{»*ŁBptrqhWsfiv~ne Łesap-47 ªvxhN¨8hNr
±
w{rn|h2p¨<w{rt²{hNªv~q|s~v:9NsaptvxwYn
w
±
srt{hY}hgn|qhGfiwhgg»7lon  ! 	?$1. º<2º	o·
qµ "a·
 
/,
qµ 	 $}*|s{{hW DYj .D{e}Y 2Y»
E(EGFAHIJ1J1K
jB  ·(µaº 	#{·$³Âµ
1- ·  ¸  ·gº<*0·
1
q·
	iµ #C|µ 	 
= YÚ?>â»eŁs{w{n|szSØsY Beh-9{}Yl»ãs^ªas9gw*}Bs{n|Ä7» 5<rteneh2pW»=bcehÌªv~qvx¬|vx~v®p/wu2pqrthgh{»sﬂesap(s§pqrt|upterqh
±
w{r
jY"n|s^ªvxBsapqv~w{n=»	bhNu(cen|v~uNsÊrthg@w{rqpN} nev~ª{hNrtqvxptsap07w{~vxpqhNu(c|nev~uNsihâ<sap(s~enYse}eŁ*sv~nÈ} 2NÙYÙ{Ùe»
= > ;ﬂ»7Łu(c|s{Å|hgrW}7|»
å
w{r(qhg{} g»
å
hWu2wYrqhgpN}s{n|«×<»Og»	Łv~x~v~w{nÈ»Ââ8w{n|qhgrtªasaptvxªYhﬂªYw{~efih2ptrqvuiªv~qv®z
¬|vx~v®pÁ¨0vxpqc«wugugx*hgr
±
|§v~w{n=»"lon i»	²Yhg~hg{}	hNev®ptw{rW}  ®¶N¶
qµ 	 ! 0  .o·
/,
qµ 	 $
*,
-(·(·)#¹º¶$}YVnen|s*â8wYn
±
hgrthgn*u2h0ŁhgrtvxhWg}a*s{hWÎ{Ù{j{e»NVâ<©rthNt Vâ<Łl ; ;V B
ﬂ0|v~qw{n"¼ÆhNqxhNyÇÈwYne{f/sn=}|{Ye»
= Ù>
å
»{Łu(cef/s{~§pqv~hgÌsn|«»;Ìhgrtª^s{p9Y»
å
hNfis{n|zortvxªYhgnYhgw{fihgpqrtptrts{n|qfﬂvt§v~w{n
±
wYr7ev~§pqrtvx¬|pqhW
ªv~r§pt|sÊhNnªBv~rtw{nefihgnBp(g» 0  .o·
/,
qµ  . 1$ (
1.ﬂ} 2W
Õ
jBÖ14 â8B.2eâ8BjY}BŁhgpW» 2NÙYÙD|»
= j{>
å
»	Łeu(cef/sptvxhNÂsn|Á«» ;Ìhgrtª^s{p9Y»ywhNxv~ne[s{n|ÆrqhNn|hgrtv~ne¿w
±
w{p(ww{rtu2hNnehN
±
wYrvz
ptrqv~¬epthNÆªvxrqpq*sÎhgnªv~rqwYnefihgnBptN»lon
å
»=bc|s~f/snen=}=hNev®ptw{rW}  	³  ! 	?$1. aº


1|µ¸
 ·(µa¸ "!   ﬂ)µ
q·iµaº #
 
·))º a¸ t¶!a}@ãhN¨ wYrq²}eã ﬂ} 2NÙYÙBÚ»Vâ< rthNtg»
= j 2> 5Ì»Łeu(cenehgvhNrsn|Æl»=[srqpqv~nÈ»yn*«s{es{pqv~ª{h
±
r(sfihg¨<w{rt²
±
w{rjYÆ{r(secevugÌwaªYhgrGnehgp¨8wYrq²N»
0  .°·
µaº #'/,
qµ   $}@{j 4 DBÚÚ^|} 2NÙYÙ{Ùe»
= jY>ÌV»@bhg~hgrVs{n|
å
»ÇÈvtu(cevxn*§²vS»<ŁBptrqhWsfivxn|/w
±
u2wYfﬂ|xh "j
å
qughgnehW
±
w{rVrqhNfﬂw{pqhG¨s~²Bpqcertw{eYc|N»
lon 0  .o·
/ 
tµ  . 1$  
1.}ªYw{~efihG{
Õ
jYÖ}*s{hW 2^Ú e{e}{{ 2Y»
= j{j>GŁÊ»bhg~xhNrsn|Ðâ»(B»	ŁBev~nÈ»Øv~qv~¬evx~vxpÒerthg|rqwu2hWqqv~ne
±
w{rv~nBpqhgr(s{u2pqv~ª{hi¨s~²Yptcertw{eYc|g»ylon
./ /0 * G}|s{{hN D	2.D{Ùe} 2NÙYÙ 2Y»
= j>Ì7»¼Æw{n|²^s|}8«»¼¾vxfifihgrW}8s{n|
å
»8Łu(c|fis{~§pqv~hg*»ÐØv~qvx¬|vx~v®pÐerqhNertwughNt§v~neÒ¨0v®ptc:wuNu2~|hgr
±
*§v~w{n
±
wYr0erq¬*sn¿¨<s{x²BptcerqwYe{c*g»Îlon  .
t¶
qµ 	 $ﬁ+
?$   aº' V·gº #{·
1¹ºB¶{}e|s{{hWVÚ2Ye}
Yeneh{{Ye»
 Eﬀﬂﬁ
Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 655, avenue de l’Europe, 38330 MONTBONNOT ST MARTIN
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
  	


  
ISSN 0249-6399
